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INTEODtrOTION. 



The following paper is an aeeoiint of a large number of 
experiments made at different, times and in different placeS'for^ 
the purpose of investigating phenomena eouneeted with earth' 
yibrations. The idea of making sueh esperiments suggested. 
itself to me in 1880. 

Iii 1881 in conjunction with Mr. T. Gray formerly one 
of my eolleagues at the Imperial eollege of Engineering, I 
eommeneed these experiment3 at the Engineering Works at 
Akabane in Tokio. Subsequently to this, eight other sets of 
experiments were undertaken the last being made on July 6 
1883. 

• The earth vibrations whieh were studied were produeed 
either by some explosive like dynamite or by allowing a 
heavy weight to fall from height. Eaeh set of experiments 
involved several weeks preparation, and in some eases extended 
over se^eraldays. Among the chief difficulties whieh had to 
be overcome in eonneetion with the experiments may be 
mentioned, that of obtaining dynamite from the government 
stores, its transportation, its storage, the difficulties of obtain- 
ing a pieee of ground on whieh to experiment, manufacturing 
the neeessary instruments, obtaining telegraph wire and its eree- 
tion between the observing stations, the arrangement of firing 
apparatus, the manufacture of eleetrie fuzes, the anxiety lest 
aeeidents should oeeur, putting down bore holes in whieh to 
fire dynamite, training assistants, the difficulties of eontending 
against bad weather whieh had often to be eneountered on 
days for whieh permission had been granted. 

For the use of ground where the experiraents were per- 
formed and for the loan of teuts to cover the instruments at 
the different observing stations and for a body of attentivc 
servants, my thanks are due to His Excellency General 
Yamada late Minister of the Interior, and Mr. Arai Ikuno- 
suke Direetor of the Meteorologieal Department. For the 
loan of telegraph wire, firing apparatus and other instruments, 
I teuder niy thanks to the direetor and officer8 of the Publie 
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Workfl*X)*<dpartment| the Department of Imperial Telegraphs, 

the Nav&l and War Departments, to the oAeers of the Imperial 

Co1Ieg^'of Engineering and the Engineering works at Aka- 

*bf^ne. For mueh personal assistanoe I have to thank Mr. 

..Deilys Larrieu and Mr. John Reid who supplied me with 

'.ydtnamite, my eolleagues nt the Imperial OoUege of Engineer- 

•**/ing, and many other residents in Tokio who from time totime 

/ eame to witness the experiments. 

In eommeneing my experiments the ouly data whieh I 
had for guidanee were the results obtained by the late Mr. 
Robert Mallet and General H. L. Abbot. These gentlemen 
howeyer only experimented on the velocity with whieh earth 
yibrations were propagated. In taking diagrams of earth 
motion I was therefore entering upon new ground and, as 
might be antieipated, eontinually eneountered unexpected 
results. Sometimes for instanee it was found that the instru- 
ments wjjich were employed would require modification before 
satisfactory reeords eould be obtained, at other tiraes the 
reeords whieh were obtained gave indieations of new lines of 
investigation to earry out whieh a new instalment of appara- 
tus would be required, &c. For reasons like these many of the 
results given in the following pages ean only be regarded as 
provisional, as for example those whieh relate to the velocities 
of normal and transverse vibrations. Should opportunity 
present itself for eontinuing those investigations there is no 
doubt that mueh of what is here reeorded might be repeated, 
and by taking advantage of my experience more aeeurate 
results might be obtained. 

As examples of investigationS whieh have yet to be 
undertaken I may mention the following. 

1. An aeeurate determination of the rate at whieh the 
velocity of transit deereases as a disturbanee radiates 
from its origin. 

2. The relationship between the velocity of transit and 
the intensity of the initial disturbanee. 

3. The determination of the rate at whieh the intensity 
of a disturbanee deereases as measured at different 
distanees from the origin. This might perhaps lead to 
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the eonstruetion of a curve of intensities from whieh 
the absolute intensity of the initial disturbanee eould 
be leamt. 

4. A more eomplete inyestigation of yertial motion and 
free surface waves. 

5. < An inyestigation of the inward motion of shoeks. In 

my experiment8 the moyement of the ground from its 
neutral position in towards the origin of the disturbanee 
has been performed so rapidly that I have been unable 
with the instruments at my disposal to aeeuratly 
measure its yeloeity. As this is probably the most 
'destruetiye element of motion its inyestigation is ex- 
eeedingly important. 

6. Farther inyestigations on the relationship between 

earthquake diagrams and the oyertuming and projecting 
of yarious bodies. 

7. A repetition of these and all other experiments on differ- 

ent kinds of ground. 

&c. &c. &c. 

Although in these and other respeets my inyestigations 
are imperfect, many facts relating to the nature of earth mo- 
tion have been eolleeted. One striking result is the great 
differences between tlie results of obseryation and what would 
haye been antieipated from theoretieal inyestigatious where it 
was assumed that the ground had behayed as a perfectly elastie 
body. 

I may here eall the attentiou of those who have oeeasion 
to refer to these experiments that with the exception of the 
tenth set, the remainder sueeeed eaeh other in the order in 
whieh they wer/i performed. This order beeomes more syste- 
matie and the results whieh haye been obtained appear more 
nearly consequential in their relation to eaeh other, if the 
ninth set of experiments are plaeed before the fourth set. 
They ought eertainly to be read before the seyenth set. At the 
end of this paper I haye summed up the diiTerent results 
whieh haye been reaehed, indieating the experiment or 
experiments where the data on whieh sueh results are 
founded may be found. This has neeessarily led to repetition 



but it lias resulted in n systematie and eonyenient arrangement 
of results. In eonelusion I roay state that the nature of the 
experiments whieh I i-eeord are sueh that it is hardly just to 
expect them to be earried out satis^aetorily by an individua1. 
The trouble, the expense, the danger and I may add the 
magnitude of the arrangements whieh they involve make 
them fitter undertakings for an army eorps rarther than for i\ 
.private person. In addition to the field experiments, I also 
give an aeeount of several laboratory experiments made for tlie 
purpose of determining the elastie moduli of roeks, the projec- 
tion of bodies from springs &c. all of whieh it wiil be seen are 
fair]y ineluded in the title of this paper. 
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r. SEEIESOPEXPERIMENTS. 

The flret experiments were ma<ie in January and Eebuary 
1881 by Mr, Gray aiid mysel^ at the Akabune Engineering 
norka in Tokio. An aeeount of theae eiperimeata has been 
published iu the Philuaophieat Transaetiun^ of tfae Boyal 
Soeiety. Part III. 1882. 

The vibration9 were )iroduced bylhe fall of a ball weigh- 
ing 1710 lfe, from vnrying heighta up to 35 feet. In eon- 
Bequeiice of the blow whieh the ball gave, th"e Eiirrounding 
gronnd, w-hieh wns a hardened mud, was eaused to vibrate for 
8. distanee of about 300 feet. A plan of the ground is 
shown in Fig. 1. The melhods of observing the vibrations 
were various. A eimple means of determining the relativc 
amnunt of motion experienced at dilTerent slations was the 
ob3ervation of the nnmber of seeonda that the i-ame quantity of 
mereury eoiitaiued in similar vessels eontiuued to niove. 
These observations required a number of obaervers who, lo 
equalize errors of obser^ation, were interehanged between the 
diSerent slations for oaeh new eitperimeut. In addition lo 
Kmple eontrivance3 like ihese, seismographs whieh gave a 
reeord of their movements on smoked glass plates were em- 
}iloyed, a? for instanees Braeket seismographs sirailar to thoso 
employed by Prof: Ewing, Conical Pendnlum seismographs, 
Rolling sphere seiamographs &c. To reeord vertical motiun. 
the ean of liquid with a Aeieible bottom and Gray'a verticaJ 
levcr sprlng seisinograph were employed, Deseriptions of these 
inslruments may be found in ihe Traiisaetions of the Seis- 
mologieal Soeiety of Japiu). 

The smoked glass plates ou whieh (he instruments wrote, 
were sometiraes stationary and at other tinies bymeans of 
suituble confrivances ihey.were dr.wn along horizontally 
beneath the writing indiees. By means of eteetrieal eonnee- 
tious between the points of obsorvation and a pendulum 
swingingaeross a eup of mereury, time tiehs were raade on 
the varioiLs plates. This furuished means to determine the 
velocity with whieh a disturbanee was propagated, and faci- 
litated esaet eomparisons being made between diagrama 
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obtained at diATerent stations. Independently of the tinie 
oeeupied in niaking the neeessary preparations, the experiments 
Gxtended over nine days, the ball being dropped four or five 
timos eaeh day. 

The more important results whieh were obtained were as 
follows. 

1. A partial determination of the elTeet of hills and ex- 

cavations (like a deep pond) upon the transmission of 
vibrations. Small hills had but little effect iu stopping 
vibrations, but a pond to a eertain extent eut off both 
normal and transverse motion. * 

2. A eomplete graphieal separation of normal from trans- 

ver8e vibration8. The existence of these two kinds of 
vibration was iSrst observed in diagrams like Figs 2, 3 
and 4 taken by means of a roUing sphere '«eismograph 
on a stationary smoked glass plate. At the eommenee- 
ment the needle of the pointer was resting near C. It 
iSrst moved to A, then to B and baek towards C at or 
about. whieh point its motion was suddenly deflected. 
The direetion in whieh the disturbanee eame is shown 
by the arrow. A more eomplete separation of the 
normal and transverse movement was obtained by 
plaeing two braeket seismographs at right angles, so 
that one reeorded all motion in the direetion of pro- 
pagation and the other all motion at right angles to 
sueh a direetion. It was observed that the former of 
the two seismographs invariably eommeneed to write. 
its reeord before the latter. 

3. A determination of the relative amplitudes of the nor- 

mal and transverse motions as observed at point8 
differently situated with regard to the origin of the 
shoek. Near the origin the normal motion was mueh 
the greater, but in proeeeding outwards from the origin 
the normal motion diminished the more rapidly of the 
two. Roughly speaking the amplitude of the normal 
vibrations was inversely as the distanee from the origin. 

4. There were usually about six vibrations per seeond. 
The normal yibrations had the quicker period. 
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5.' The ayerage yeloeity of the normal yibratioDS was 438 
feet per seeond whilst* that of the transyersal move- 
ments was only 357 feet. 

6. At a distant station X250 feet) four or fiye dissimilar 
yibrations would be reeorded, and then the same four 
or five yibrations would be repeated in the same order 
as those first reeorded. 

II. SERIE8 0F EKPERIMENTS. 

These experiments were made by mysel^ and Mr. T. Gray 
at Yokosuka, a naval doekyard about 20 miles distant from 
Tokio. The ground was a horizontalIy stratified soft elay roek. 
The yibrations were produeed by dropping a heavy woight from 
a height of about 40 feet. Although the weight was heavier 
than the one preyiously employed, on aeeount of the nature 
of the roeks we found it impossible to ereate a disturbanee 
whieh eould be reeorded at a distanee greater than 20 feet, 
and even then the vibrations whieh were reeorded had ampli- 
tudes too small to admit of satisfactory analysis. 

For these reasons, after mueh time had been spent in 
making instruments, transporting them to Yokosuka, and 
obtaining the neeessary permission to work, the experiments 
had to be abandoned. The negative result whieh was obtained 
is however worthy of reeoM. 

III. SERIES 0F EXPERIMENT8. 

In this series of experiments whieh were made in Deeember 
1881 the disturbanees were ereated by the expIosion of dyna- 
mite and other substanees. Although many valuable results 
were obtained, owing to the heavy fall of snow whieh took plaee 
on the days for whieh permission had been granted to perform 
the experimente, the large number of yisitors who assembled, 
the fact that the instruments whieh were employed had been 
hurriedly eonstrueted and for other reasons, many of the 
diagrams whieh were obtained were imperfect. In consequence 
of these experiments however, experience was gained in 
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properly proportioniug eharges of dynamite and in the 
general Avorking of the apparatus whieh led to the satis- 
factory results obtained on subsequent oeeasiops. 

For the dynamite whieh was used and also for eonsider 
able assistanee I have to thank Mr. John Reid agent of Nobel 
& Co. The eharges employed varied from a few ounze8 to 2 
or 3 Ibs. They were fi red near the plaee where in the first 
set of experiment8 the ball fell. Some of Ihe eharges were 
fired on Ihe 8urface of the ground, some in the neighbouring 
pond, <vhilst others were exploded in bore holes from 3 to 12 
feet in depth and 3*° in diameter. 

The effect of an explosion in a bore hole was to produee 
a large cavity 4 or 5 feet in diameter at the top, and opening 
out downwards to a pear shaped form, the diameter below 
being double that at Ihe top. For a given eharge the greatest 
eff€ct was produeed when it was exploded in the neighbouring 
pond. The great advantage gained by using dynamite may 
be judged of from the fact, that the maximum displaeement 
of an earth partiele 50 feet distant from the plaee where the 
ball fell, was hardly more than ^ of that produeed by 2 Ibs of 
dynamite in a six foot bore hole aeting at the same distanee. 

Theeharges were fired by means of asmnll eleetro-dynamo 
maehine and tensiori fuses. 

The instruments employed were three pendulum seismo- 
graphs and three braeket seismographs. The ^ormer wrote 
their reeord on stationary plates whilst the latter wrote on 
plates whieh at the time of an explosion were drawn horizon- 
tally by meaus of falling weights beneath the reeording point- 
ers. There were three obser^ing stations on the line AD Fig. 1. 
at distanees from the seene of explosion of 50, 150 and 250 
feet respectively. At eaeh of these stations there was one of 
the above instruments. All the stations were eleetrieally 
eonneeted so that the swings of a small pendnlum passing 
through a eup of mereury' eould be reeorded on eaeh of the 
moving reeord receivers. 
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The results of the experiments were as Mlows: — 



1. EXPERIMENT. 

Six oz. of .gelatine (a new uitroglyeerine eompouud) 
was exploded in a six foot bore hole. No efiect waa 
produeed eveu at the 60 foot station. 

2. EXPERIMENT. 

6 oz. of gelatine together with 18 oz. of dynamite wero 
exploded in a 7ft bore hole. 



PENDULUM SEISMOGRAPH. 



Maximam Amplitude 
Normal TransYerse 



Bemarks 



At &0 ft. Station Fig. 5 
At 160 ft. Station Fig. 6 




Tbree normal moYements. 



ii 



ii 



ii 



3. ExPERIMESrT. 

18 oz. of dynamite exploded on the surface of the ground. 

PENDULUM SEISMOGRAPH. 

At 60 ft. Station. A maxiniuni araplitude of .4™" at an angle 
of about 46° to true normal direetion. Three or four 
eomplete yibrations. 



BRAGKET SEISMOGKAPH. 



Mazimum Amplitude 
Normal Transverse 



Remarks 



At 50 ft. Station 
Atl60ft. 



n 




TheArst motion eompression. 
Two or three small ripples. 
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4. EXP£RIMEKT. 

18 oz. dynamite fired in the pond near A. Fig. 1. The 
instruments being in the old positioH along the line 
AD were therefore not in one line with the origin of 
the disturbanee. 



PENDULUM SEISMOORAPH. 

At 60 ft. Station. A deeided normal motion of .6"". The 
transyerse motion was slight 

BRAGKET 8EI8MOGRAPH. 

Maiimam Amplitude 
Normal Transverse Remarks 

At 50 ft. Station ! not well reeorded .5™" Altogether 11 yibrations. 

I 
Atl50ft. „ I .25 .25 I ,, „ ,, 



The above movements are on aeeount of the position of 
the expIosion only approximately normal and transverse. The 
normal at the 150 ft. Station eommeneed as two slight ripples 
slightly before the transverse. The Brst movement was in 
towards the origin. The maximum movements eonsist of 
three large waves. The transverse movement eommenees 
irregularly. Fig. 7. 

5. EXP£RIM£NT. 

About 12 oz. dynamite were exploded in the pond near A. 



PENDULUM SEiaMOGRAPH. 

At 50 ft. Station. Maximura amplitude of .4"" intermediate 
to normal and transverse direetions. (Reeord not good). 

At 150 ft. Statiou. Maximum amplitude in a uormal diree- 
tion of nearly .4"". (Reeord not good). 
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BRACKET BEISieOGRAPH. 

Masimmn Amplitnde 

Normal TransTerse 



Bemarks 



At 60 ft. Station .21"»» 

no.t well 
At 150 ft. ,, 



reeorded 




8 yibrations per see. 



tt 



it 



II II 



At the 50 fi. Station motion pommeneed with 2 small 
yibrations, the Arst movement being inwards towards the origin. 
The maximum movement is the foiirth vibration. Motion 
eontinued for about half a sec<\nd. 

6. EXPER1MENT. 

The ball (1710 Ibs) fell 35 feet. 

PENDULUM BEISMOORAPH. 

At the 50 ft. Station, there was motion in a normal 
direetion of .7"" and a motion in a transverse direetion of 
.4""". The movements in the two direetions are not distinetly 
separated. 

At the 150 ft. Station, the motion in a normal direetion 
was .3"". 

BRAOKET SEISMOGRAPH. 

t. 

At the 150 ft. Station. Both the normal and transverse 
motions were very slight. 

7. EXPERIMENT. 

The ball (1710 Ibs) fell 35 feet. 



PENDULUM SEISMOGRAPH. 



At the 60 ft. Station. Maximum amplitude .6 



mm 



BRAGKET SEISMOGRAPH. 



At the 150 ft. Station. The normal motion has a maximum 
amplitude of .5"" and a duration of about 1'**'. The first 
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moyement was outwards. There are 8 or 9 vibrations 
per seeond. The transyerse motion has a maximum 
amplitude of .14"". 

8. EXP£RIMENT. 

2} Ibs of dynamite exploded in the pond. 



PENDULUH SEISMOORAPH. 



Maximnm amplitade 
Normal Transyerse 



Remarks 



At 50 ft. Station 
At 150 ft. ,j 




Three or foiir deeided 
motions. 



BRAOKET SEISMOORAPH. 



Maximum amplitude 
Normal Transyerse 



Freq[uency of vibra- 
tions per see. 

Normal Transverse 











• 


At 60 ft. Station 


.42™» 


.67"»"' 


4 or 5 


3or4 


Atl60ft. ,, 


not taken 


.28 


not reeorded 


3or4 


At250ft, ,, 


.14 


.14 


too small to measure 



The above direetions are only approximately norraal and 
transverse. At the 50 ft. at 250 ft. stations the Arst motions 
were distinetly those of eomprassion or in a direetion outwards 
from the origin. At the 50 ft. station the Arst two nornial mo- 
tions have ripples superimposed upon them. Fig. 8. The dura- 
tion of motion is 2} see. The duration of the transverse 
motion is 4 see. The iSrst vibrations have ripples superimposed 
on them. The duration at the 150 ft. station of the trans- 
verse eomponent is 1.5 see. At the 250 ft. station the motion 
although deeided is irregular. The transverse eomponent 
reaehes its maximum after the normal has beeome very small. 
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9. EXPERIMENT. 

3J Ibs of dynamite exploded in a 9 ft. bore hole. At 
the distanee of 100 feet the motion felt like that of a 
small eartliquake. 



PENDULUM aEISMOORAPH. 



Atl60ft. ,, 



Max« amplitnde 



Remarks 



At 60 ft. Station 



The pointer was driven off the plate 

/ In a direetion intermediate to 
1. Normal and Transverae 




BRAOKET SEISMOORAPH. 

Frequency of vibra- 
Maximum amplitude tions per see. 

Normal Transverse Normal Transverse 



A t 50 ft. Statiori 


•Tmm 


not reeorded 


6or 6 


not reeorded 


At 160 ft, „ ' 


.66™°» 


.6" 


6 


6 


At260ft. „ 


.4- 


.4- 


5 or6 


4or 6 



In all eases as the motion dies out the frequency of waves 
deereases to about 3 per seeond. 

At the 150 ft. station normal niotion eommenees with a 
moyement of .28™"* inwards. This isfollowed by an outward 
motion of .36°*'° whieh is sueeetded by three large yibrations 
eaeh about .56°°*. Transverse motion eommenees with a small 
movement of .07"° whieh is followed by two large motions 
eaeh .64°*". 

At the 250 ft. station the normal motion eommenoes out- 
wards as is always the ease at this station. The 3rd, 4th and 
5th movements are the largest. The transverse motion eom- 
menees gently. 

At the 150 ft. station normal motion eommenees to be 
reeorded .26 to .29 seeonds before the transverse motion. 
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10. Ebperiment. 

2 Ibs of dynamite esploded in hole 6 ft. deep. 



PEIiDULUM SEISMOGRAPH. 



Maiimum ampUtude 
Normal Transrerse 



Remarks 



At 60 ft. Station 8.8' 



At 150 fl. 



)} 



1- 



.7- 



.7— 



There are 3 or 4 deeided normal mo- 
tioDs. The traDSTerse motioni are 
obUque to them. 

These niotions are at right angles to 
eaeb other but eaeli is iuelined at 45^ 
to a true norraal direetion. 





BRAOKBT 1 


SEISMOaRAPH. 




' 


Masimum 

Normal 

• 

2.1- 


1 amplitude 


Fi*eqttency of vibrations 
per see. 

Normal Transverse 




TransYerse 


At 50 ft. Station 


1" 


7or8 


7or8 


At 150 ft. jj 


1 .85 * 


.85 


8 


6 


M 260 fl. tj 


.21 


.26 — 


— 



At the 50 ft. station the nornial niotibu eommeneed with 
.5"" of motion outwards followed by l.^"" motion inwards. 
After this eome 4 of the largest waves. The motion 
then, quickly dies out. The duration is 1§ seeonds. Fig. 

9. 

The transyerse motion eonsists of 4 almost equal yibra- 

tions deseribed in .33 see. 

At the 150 ft. station motion eommeneed by a very slight 

inward motion after whieh the raotion is .21"*°* outward?. 

Aflber 3 large yibrations whieh follow, the motion rapidly dies 

out. The transyei-se motion eoramenees with 2" gentle vibra- 

tions eaeh about .05"°*. From the appeamnee of the diagram 

it is eyident that the period of the normal motion is shorter 

than that of the transyerse moUon. 
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At the 250 ft. Btation 6 large normal vibratiou8 are dis- 
tinetly yisible. The transyerae eomponent whieh eommeDees 
as a ripple is slightly larger than the normal motion. 

At the 50 ft. Station both normal and transverse motion 
eommenee at the same instant. 

At the 150 i^. Station the normal motion is .19 to .24 see. 
ahead of the transverse movement. 

The velocity of the normal motion between the 60 ft. and 
150 ft. Stations lies between 265 feet and 294 feet per seeond. 
The velocity of the transverse motion between the same 
stations was 176 feet per seeond. 

11. EXPERIMENT8. 

The Ball (1710 Ibs) fell 35 feet. 

PENDULUM SEISHOaRAPH. 

At the 50 ft. Station the maximum amplitude was .7** 
The direetion of motion was at 45° to the true normal 
direetion. The disturbanee eomraeneed with a slight 
nornial motion. 

BRAGKET SEISMOGRAPH. 

At the 50 ft. Station the maximura amplitude of the normal 
motion is .21"™. The first motion was outwards. The 
general appearanee of this diagram is very like that of 
experiraent 10, only smaller. First tbere are two large 
wave3 after whieh the motion rapidly dies out. The 
duration of the disturbanee is .5"*''. 
The transverse motion is also like that of experiment 10, 
only differing from it in being smaller Fig. 10. 

At the 150 ft. Station. The normal motion is only repre- 
sented by a straight line. The transverse motion shews 
2 or 3 small flat ripples. 

IV. SERIES 0F EXPERIMENTS. 

These experiments were made on Deeember 26^ 1881 in 
a field opposite the Kobusho (Publie Works Department) 
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On the surface, the ground was dry but a few feet down it was 
yery wet. A eross seetion On the line of operations is shown 
in the aeeompanying figure. 

Slte of Experiinent8 
Yegetable Soll 1 ft ~- !X 5*1^ Marehy groniul 

BUek Mad with ^eii»;:::^{^^„;— {^-V:^ ^! -^i r T-'::: 

A seetion along the line of operations is follow8. 

Bore Holea ObserTlng Stationa 

inraivv A B C 



la' 



ly 



12^ 



13' 



X 62' >e 16(K X 160' X 



The Bore Holes I II III IV and V were from 8 to 9 feet 
in depth. They were naturally filled with water to within 3 
feet of the surface. This water together wdth a quantity of 
loose earth whieh was poUred into the holes about the eharges 
of gun powder and dynamite whieh were exploded, aeted as 
tamping. The distanees that A B & C were from the origins 
of the successive explosions were as follows, 

A B C 

For the l'* Explosion 100 ft 250 ft 400 ft 

„ „ 2" „ 88 „ 238 „ 388 „ 

„ „ S'* „ 76 „ 226 „ 376 „ ' 

„ „ 4*^ „ 64,, 214 „ 364 „ 

At A B and C braeket seismographs were employed. The 
multiplieation of these instruments was 12. At B, Gray's lever 
spring seismograph for vertical motion wrote a reeord side by 
side with that of the braeket seismograph. At A and B 
pendulum seismographs with a multiplieation of 10 were 
plaeed. 

The indiees of the braeket seismographs rested on the 
surface of a smoked glass plate whieh at the time of the 
shoek was moved horizontallv in the same manner as in the 
experiments*at Akabane. The eleetrieal arrangements by 
whieh the reeord receivers were set in motion and as they 
moved had time intenrals reeorded on their surface, will be 
ilnderstood from the followiug diagram. 
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T and S in the diagram represent two eleetro-magnets 
at eaeh of the three stations. T is a magnet whieh deflects a 
small pointer- on the moving plate to mark time interyals 
whilst 8 is a magnet whieh withdraws a eateh and sets the 
reeord receiving earriages free. 

By elosing the key 2 and eompleting the eireuit 2 S B S S 
the earriages are set free. By elosing the key 1 and 
allowing the pendulum P to swing through the mereury m, 
the eireuit m T B T T is eontinually opened and shut. With 
€ach swing of the pendulum tbe magnetd T deflect a lever and 
reeord a time interval on the moving plates. 

The bi^erations were as fo]lows. First the earriages were 
set in motion by means of key 2. Next key 1 was elosed and 
time tieks were reeorded on the raoving plate. Immediately 
after this by means of a «eparate battery and an Induetion 
eoil the eharge was exploded. Some 10 seeonds later the 
motion of the reeord receivers was stopped, and remained at 
rest tintil a seeond eharge had been prepared. In this manner 

« 

experiment sueeeeded experiment without any alteration in 
the adjustment of the vanous instruments. * 



Station 6 



Statiou A 

T 



— O^ 



^ ii8 



Station C 




III» 



B 



1. ESPEBIMEKT. . 

, Three Ibs of dynamite exploded in bore liole Num- 
ber i. 

• / 

PENPULUM BEISMOGRAPH. 



Maximum extent of motion 
Normal TransYerse 



Remarks 



At Station A (100 ft.) 
At Station B (250 tt.) 




The transverse was 
irregular. 
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BRAOKET 8E SMOORAPH. (Fig. I. lost plate.) 

Maxiinam eitent Maximum frequcnc7 
of motion of vibration8 



Normal Transyerse Normal Transyerse 



At Station A (100 ft.) 


2.1- 


.68- 


4 per see. 


4.6 per see. 


At Station B (250 ft.) 


.6- 


.23- 


8 >> M 


S >} » 


At Station G (400 il.) 


.15- 


1»» 




. 



At Station A. The normal disturbanee eommeneed by a 
slight motion outwards. The largest waye is the tbird 
one from the eommeneement. On the heads of'each of 
the large waves a small ripple is superimposed. The am- 
plitude of motion is greatest on the side of the origin or 
inwards. Motion e^tends over 3. 5 seeonds, in whieh period 
there are 10 vibrations. At the end of the disturbanee 
there are only 2 eomplete waves per seeond. 

The tran8verse motion rapidly dies out after the 
seeond vibration whieh is the largest At the end of 
the disturbanee there are only 2 vibrations per seebnd. 
Altogether there are 11 yibrations in 4 seeonds. 
At Station B, The normal motion eommenees as three gentle 
ripples, the first being in the direetion of eompression or 
outwards. After that eome three large but slow vibrations. 
The Transverse motion eommenees with two gentle 
yibrations. 
At StatioH G The first normal motion is inwards. There 
is no marked distinetion between the different wAves Iike 
that reeorded at Station A. 

The transyerse motion has about the same period as 
the normal. 
Yertieal motion, This was reeorded at station B. It ap- 
parently eommenees before the normal motion. At the 
eommeneement there are 6 waves per seeond but at 
the end only 2 per seeond. The quickly deseribed waves 
have an amplitude of .16°°* whilst those whieh were 
slower have an amplitude of .44' 



iwe 
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If we take. the smalled of tlieee raeasurements aod 
eombine it /with the largeat Dormal motion at this station 
(.46^) to obtain the tangent of the angle of emergenee, 
we ean ealeulate the least possible depth of the origin. 
The depth so ealeulated is 86.76 feet. We however know 
the depth to haye been about 8 feet. The eonelusion arriv^ 
at is therefore that the vertical motion is not due to a 
direet shoek but to a sur&ee wave. Farther it may be 
added that persons standing near Station B atthe time of 
the explosion eould feel the ground risingand fa11ing as if 
sueh waves were passing beneath their feet. ' 

2. EXP£RIMENT. 

Three pounds of dynamite exploded in bore hole 
Number II. 



PENDULUM SEISMOGRAPH. 



Maziinum extent of motion. 



At Station A 88 ft. 
At Station B 288 fl. 



Motion oblique to normal and transverse 2.6** 

Normal 1.8** Transyerse .^*". No distinet 
separation of normal and transverse. * 



BRACKET SEisMooRAPH. (Fig. II. last plate.) 



Mazimum estent. 
of motion. 



Mazimum frequenc7 
of vibrations. 



Normal Transverse Normal Transverse 



At Station A 88 ft. 
At Station B 238 ft. 
At Station C'388 ft. 



3*' 
.6- 

.2" 



.9-" 
.2- 
.1" 



4 per see. 

3 n >» 



4 per see. 
3 >j 11 

! " >> 11 



At Station A, The normal disturbanee eommeneed as a 
slight eompression follo\ved by an irregular tremor. The 
largest wave is the thii d having a range of 3°"" after whieh 
the motion rapidly dies down to .4°"°. At the eommeYiee- 
ment of the motion there are 4 vibrations per seeond but 
afterwards only 3. 
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The transyerse motion eommenees irregularly. At the 
- eiid of the distuibanee there are only 2 Tibrations per 
Beeond. Altogether there are 11 yibrations extending oyer 
4 seeonds. • 
At Station B. The normal motion praetieally eonsists of 4' 
large yibrations ok' nearly equal extent. They extend 
oyer about 1.5 seeonds. 

The transyerse motion also eonsists of 4 nearly equal 

large yibrations executed in ilbout l.S***-. The period 

is rather slower than that of the normal motion. 
At Station (7. In the normal motion two or three little 
ripples are to be obseryed at its eommeneement eorrespond- 
ing in time to two or three similar ripples in the trans- 
yerse motion. These may possibly be due to a yertieal 
eomponent. They may also be traeed in the diagram of 
the preyious experiment. 

About 7 yibrations appear in this diagram. They 
were executed in 2.5 seeonds. 

In the transversc motion the amplitude of motion is 
slightly less than in tl.e normal. There are about 8 yibra- 
tions executed in about 2.5 seeonds. 
Yertieal Motion. This was reeorded at" station B. It , 
eommenees before the normal motion. At the eommenee- 
ment there are 6 small waves eaeh having a range of 
.15°"" performed at the rate of 8 per seeond. These are 
followed by a series of large yibrations with a range of 
.4°"" performed at the rate of 2 wayes per seeond. 
Galeulating as in the preyious experiment, with a yertieal 
motion of .22°" and a normal motion of .38°"° we obtaiu 
87 feet as a minimum depth for tKe origin of the distur- 
banee. This we know to be ineorreet. The yertieal 
motion ean not therefore be regarded as the result of a 
direet shoek. 
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3. EXPER1MENT 

Five pounds of gunpowder i^ploded in bore hole 
Nuraber III. 



PENDULUM SEI8M0GRAFH, 



Maximam extent of motion, 



At Station A 76 ft. 
At Station B 226 ft. 



Normal motion about .S"" Very irregular 
Motion about .2*" 



BRAGKET SEI8MO0RAFH. (Fig. IIL.last plate.) 

Maximumextentof motlon. Frequenc7of vibration8. 
Normal Tran8verse Normal Trans^erse 



At Station A 76 ft. 
At Station B 226 ft. 
At Station C 376 ft. 



• 






.6— .2— 


6 per see. 


8.5 per see. 


No motion 








11 11 , 


- 





Ai StationA, In a normal direetion the first movement is 
a very slight extention. The fourth wave is the largest. 
At the end of the disturbanee there are only 4 vibratioDS 
per seeond. Altogether there are 6 vibrations psrformed 
in 1.25 seeond?. The transverse raotion eommenees with 
one or two very small ripple?. These are folIowed by 4 
waves eaeh having a range of about .2"". 

At Stations B and C. No motion observed. 

4. £XFERIMENT 

2} Ibs of dynamite expIoded in bore hole number tV. 



FENDULUM SEI8MOGRAFH. 



Normal Transver8e 



Remarks 



At Station A 64 ft. 
At Station B 2U ft. 



gm. 



1.2-" 



1.5- 



Also an oblique motion 
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BRAOKBT SEiSMoaRAPH. (Fig. IV. last plate.) 

Maximum extent of 



motioD 



Frequency of waves 



Normal TransYerse Normal Transverse 



At Station A 64 ft. 
At Station B 214 ft. 
At Station C 264 ft. 



8.5- 



.15 



1.2-' 
.26 



.1 



4 per see. 

* >» >> 

3 >» M 



3 per see. 



Ai Station A. The nornial motion eommenees with a 
deeided eompression of .4"". This is follo\ved by three or 
four irregular baek and forth motions of small amplitude. 
• These are followed by tlie largest wave in the senes. 
The whole oi^ the motion was not reeorded. 
The transverse motion is chai'acterized at ita eommenee- 
ment by its irregularity. 

At Station B, The normal motion eommenees irregularly. 
At the end of the disturbnnee there are only 2 waves per 
seeond. Altogether there are 11 vibrations performed in 
4.5 seeonds. The transverse motion eommenees irregularly 
with small waves. After this there are four well defined 
waves. Altogether 8 ^ibrations are deseribed in 6 seeonds. 

At Station C. Both the normal and transverse motions are 
small and irregular. The transverse appears to have the 
quicker period. 

Yertieal Moiion, This was observed at station B. It eom- 
raenees with a series of ripples eaeh having a range of 
about .11°". Seven of these are deseribed in a seeond. 
Next follow a set of larger waves with a maximum range 
of .7"°. These reeur in sets of three. These latter have 
a frequency of 3 per seeond. The periods of these waves 
it will be observed are quicker than those iii the first 
experlment whieh were reeorded 36 feet farther distant 
from the origin of the explo8ion. 
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AMPLITUDE. 



Hitherto the only Tneasiirements whieh have been given 
are those of maximiiin extent of motion or the length of a 
semi-yibration. The halves of these quantitie3 raay be taken 
as maximum mean amplitudes of wave motion. Another 
value for amplitude would be the quarter of the sura of two 
sueeeeding semi-oseillations. 

An in:5pection of the diagrams, espeeially those of the 
normal motion as observed at the station nearest to the ex- 
plosion, shew that instead of taking mean amplitudes, absolute 
amplitudes may be measured with regard to a line whieh 
would have been drawn by the poipter of the seismograph 
had no explosion oeeurred. Examining the diagrams in this 
way it is elear that a poiot has not oseillated with eqiial 
amplitudes on either side of its normal position. At the 
station nearest to the origin tlie amplitiide of normal motion 
has almost invariably been mueh greater in the direetion of 
the origin tlian in the opposite direetion. The general result 
of an explosion has been to eompress the ground by an outward 
»impulse, after whieh it has reeoiled inwards through a greater 
range than it moved outwards. 

This peeuliarity of inotion is also observable at the 
seeond station in the fourth experiment. At the third station 
the motion has beeome so small aud irregular that measure- 
ment of outward and inward motion from a neutral line are 
impossible. In the following table showing tlie outward and 
inward amplitudes of normal motion for the first three promi- 
nent waves at eaeh station, those for the third station are 
therefore only ftpproximate. 

The first outward impulse at Station A whieh in the 
diagrams has the appearanee of a quarter wave, subse^uent 
investigations have shown to be a semi-oseillation. To 
represent a true amplitude its values .4 .5 and 1.3 as given in 
the following table require to be halved. 
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AMPLITUDE OF NORMAL MOTION. 
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<When inspeeting the above table it must be remembered 
that the distanee of the three stations from the eiplosions was 
the smallest in the first experiment and greatest in the fourth 
experiment. 

Another point of interest whieh may be obtained either 
from the table just given or from the va]ues for the mazimum 
extent of motion, is an approximate determination of the rate 
at whieh the motion dies out as a disturbanee radiates. 

From figures already given, the mean va1ue in millime- 
ters for the maximum semi-oseillation at stations A B and C 
in Experiments I II and IV are as follows. 



Normal Motion. 

A B C 



2.8 



mm 



.5 



mm 



.16 



TransYerse Motion. 

A B C 

.85 .23 .1 



or if we eall the range of motion at A = 100, these numbers 
beeome. 

100 18 6 a^d 100 27 12. 
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From this as from a direet inspeetion of the diagrams it 
is evi(Ient that the norinal motion dies out very mueh more 
rapidly than the transverse motion. 

Oonsidering the transverse .motion at eaeh station as 
being equal to unity, then the ratio of the normal motion to 
the transverse mdtion is at eaeh station as 3.3 : 2.1 : 1.6. 

That is to say as the disturbanee radiates the range of 
normal motion rapidly deereases until it is praetieally equal to 
the transverse motion. 

These ratios together with the rate at whieh normal and 
transverse motion deerease are graphieally shown in the 
aeeompanying diagram. . 



KAKGE OF MOTION IN MILLIMETER8. 
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In eonneetion \vi(h the diseussion of amplitude it is 
interesting tb obserye the manner in \^ hieh motion dies out 
at any partieular station. The most interesting esamples are 
those of the normal motion at the iirst station. From the 
seeond or third wave whieh in these diagrams are invariab1y 
the largest, the derrease in amplitude for the three sueeeeding 
wayes is exceedingly rapid. Prom this point howevef the 
deerease is re]atively slow. The dying out in amplitude is 
more rapid ou the inward side of motion than ou the outward 
side. 

PERIOD. 

The following table shows the time tiiken in seeonds to 
deseribe the prineipal waves indieated in tlie four diagranis 
(see last plate.) 

The times indieated were obtained by direet nieasureraent 
of the distanee between erests of Buccessive waves. 



Normal 



Transverse 



Verlical 



X s 



II 



III 



IV 
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.27 1 .3 
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.4 .14 ^ .5 



.41 .12 .38 
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Froni an examination of the above table we see tliat — 

1. As a disturbanee dies out at ahy one station the period 

inereases. 

2. As a disturbanee radiates the period inereases. 

These laws are the most elearly marked for the normal 
motion. It may bere be pointed oiit that the measurements 
made on the diagrams obtained at station C on aeeoilnt of their 
smallness and irregularity, are not so aeeurate as those made 
on the diagrams obtained at stations A and B. 

3. The yertieal motion eommenees with a series of wayes 

with an unusually short period. These are suddenly 
followed by a series with a long period. 

4. Near to the origin of the disturbaneey - the transyerse 

motion kas at the eommeneement a period nearly 
double that^of the normal motion. 

5. At the end of a disturbanee observed near the origin, or 

in diagrams taken at a distanee from the origin, the 
period of normal and transverse motion npprosimate to 
eaeh other. 

6. The seeond wave obtained at station B in I aud II with 

the uuusually long period of over .6 seeond is in all 
probability a double wave due to the breaking up or 
elongation of the notehed ware between the sinuses 1 
and 2 whieh ean be seen in Fig3. I and II. last plate. 

7. When we examine a diagram where there is a distinet mo ve- 
ment of '^ shoek " as for instanee any of the diagrams of normal 
motion taken at the station (A) nearest to the origin, it is 
evident that the time taken to deseribe a h'sil^ wave inwards ia 
mueh less than to deseribe the preeeeding or sueeeeding half 
wave outwards. To estimate these differences, measurements 
ean be made of the time taken to deseribe quarter wave8 or 
amplitudes of wave motion. In making sueh measuremeats 
allowanees have to be made for the are whieh would be desoribed 
by the pointer of the seismograph oh the reeording surface 
had the same been at rest. 

Analyzing the normal motion obtained at station A in the 
- different experiments we obtain the following results. 
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It is eyident that the sum of the times (whieh are giyen 
in fractions of a seeond) taken to deseribe the different quarter8 
of any partieular wave, ought to equal thd time given as the 
period of the same wave in the previous table. However ad- 
vantage has been taken of any little irregularity in the 
eharaeter of a wave to reduee the various measurements to 
their least possible value in cohsequence of whieh slight 
diserepeneies between the two tables may here and there be 
deteeted, "The object of obtaining minimum values will be seen 
whep speaking of intensity. Gomparing the in ward' movements 
or movements towards the origin with those deseribed in the 
opposite direetion, we see that the former are very mueh the 
quicker. 

In the first wave the seeond quarter inwards is in two 
eases noted as having oeeured in an interval of time too 
small to admit of measurement. As measured on the diagram 
this movement has the anomalous appearanee of having been 
deeeribed in less than no time. The only esplanation whieh I 
am able to offer for this peeuliarity is that the post on whieh 
the seismograph was fixed did not synehronise with the move- 
ments of the reeord receiver, — whilst the stand was moving for- 
wards the receiver was moving baekwards. Experiments on the 
relative motion of two neighbouring points will be spoken 
about later on. The quarter waves here referred to have been 
measured to the right and left of a line whieh would hav6 
been drawn by the pointer of the seismograph had there been 
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no disturbanee. It is evident that they might also have been 
measured as halves of eaeh semi-oseillation. 

MAXIMUM YELOeiTY. 

If> we assume that the motion of the ground has been 

2ka 
simple harmonie then the maximum vel'ocity V=-7p- where 

a = the amplitude of motion and 
T = the time taken to deseribe a eomplete wave. 
In th^ adoption of this formula we are met with difficulties 
as to the manner in whieh a and T are to be measured. From 
the diagrams as already has beei; shown, either a mean ampli- 
tude or an absolute amplitude with regard to a eertain. line 
might be taken. A third value for amplitude would be quarter 
of a whole wave. Similarly T raay be obtained by taking from 
the diagram the period of a eomplete wave, by doubling the 
time of a semi-oseillation, or by quadrupling the time of a 
quarter oseillation. Now as sueeeeding quarter , or semi- 
oseillations have been deseribed in different times, it is evident 
that three values for T may be obtained. 

K therefore maximum velocities are ealeulated on the 
assumption that the motion has been simple harmonie it is 
possible to obtain nine different values for V. 

A eonelusion whieh the analysis of the diagrams here pre- 
sents to us, is that the vibrations are in all probability not strietly 
simple harmonie motions, and whatever ealeulations respeeting 
maximum velocities and other quantities are made on sueh 
assumptions^ at the best ean only be regarded as approximate. 
The following table of raaximum velocities in millimeters 
per seeond has been ealeulated for the normal motion at 
station A on the assumption that 

,a = the amplitude measured from the neutral line 

(see table p. 26.) 
T = four times the time taken to deseribe a (see table 
p. 30.) 
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The yeloeities marked with an aaterisk ai*e probably too 
great owing to the assumption made witH regard to the Yalue 
of T. This assumption was that | = y^ seeond. 

At station B the maiimum yeloeities ealeulated on 
similar assumptions are as follows. 
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At station G the maximum yeloeities are approximately 

as follow8. 

I Eiperiment .7 to 8"><^ per seeond 

II „ 1.6tolO"« „ „ 

III „ 8« 
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In addition to these ealeulations of maximum yeloeities, 
ealeulations have been made of the same quaatitie8 by a method 
pointed out by Mr. T. Alexander in wbieh there is no as- 
Bumption made as to the nature of the motion (see Trans: of 
the Seis : Soe. Vol. VI. p. 13.) 
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The data on whieh these ealeulations are based, are the 
path traeed by the pointer of the Beismograph by the unknown 
motion of the ppinter, the known linear yeloeity of the plate, 
and the length of the pointer. 

As the eonstruetion to obtain masimum yeloeities by 
this method is chiefly dependent on the aeeuraey with whioh 
tangents ean be drawn to the slope of the waves at their 
neutral point, the greatest aeeuraoy has been obtained from 
the waves whieh were deseribed slowly. In the ease of the 
normal motion at A, the inward motion was deseribed' so 
quickly, as has already been pointed out, thatt ealeulations of 
maxinmm yeloeity in this direetion have been negleeted. 

The waves whieh have been ealeulated are as follow8. 

MAXIMUM YELOeiTT OF NOBMAL MOTION IN 
MILLIMETEB8 PSR 8EC. 
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In eomparing these resulU with the resiiltg given iu 
the three previous diagrams, it wili be observed that if not 
absolutely identieal, they are praetieally so when eompared 
with mean values for eaeh of the two eorresponding quarters 
given separately in preeeeding tables. 

For the outward motion of the ground sueh eomparisons, 
aiTord a means of estimating the amount of error whieh lios 
entered into the numerous ealeulations wliieh have been 
repeatedly made on earthquake diagram?, the assumption 
made in sueh eakulations being that the motion was simple 
harmonie. ' 

INTENSITY 0F MOYEMENT. 

In obtaining a value for the intensity of an earthquake 
many methods have been followed. Palmieri's seismograph 
indieates intensity by degrees. These degrees refer to the 
height up to whieh a eertain quantity of mereury eontained 
in tube, had been eaused to oseillate. Inasmueh as this height 
is dependent ,on the depth of mereury in the tube, and the 
period and duration of the disturbanee whieh eauses lis oseil- 
lation, it ean only be regarded as a means of approximately 
estimating relative intensity. 

Mallet in his reports to the British Assoeiation divides 
earthquakes into di£ferent elasses aeeording to the area over 
whieh they were felt, but at the same time remarks that 
"area aloue affords no test of seismie energy ". As a result of 
many observation8 I am led to believe that the area over 
whieh an earthquake is felt is dependent not only upon the 
initial force of the disturbanee, but also upon its focal depth, 
the form and position of that focus, the duration of the 
disturbanee, and the nature-and arrangement of the materials 
whieh are shaken. 

Seebaeh eonsidered the initial intensity of earthquake3 as 
proportional to the square of the radius of the disturbed 
area, — a method of ealeulation praetieally identieal with that 
suggested by Mallet* 

Bather than by adopting methods sueh as those here inr 
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dieated it ^Tould seem that the intensity of an earth didturr 
banee may be best estimated by the work it is eapable of 
doiiig, as for example in oyerturning, projecting, or fraGturing 
variou8 bodies. A eolumn may fali by the ground being 
suddenly moved beneath it. Tliis gives it an impulse at its 
base, the reaetion of its inertia aeting at its eenter of gravity 
being equal to this. These two together produee rotation so that 
the eolumn falls or tends to ikll towards the side from whieh 
tbe impulse eame aeeording as the retating moment is greater 
or less than its moment of stability. 

Tlie following note on this subject was given to me by 
my eolleague Mr. C. D. West. 

Let the 8urface of the earth at any in- 

stant be undergoing an aeeeleration of 

^ velooity of / feet per see. per see. Let 



y M be the mass of a eolumn (sc:e Fig.) 

-!: — resting on the ground, y the height of its 
" ^ ' eenter of gravity, and x its hori^outal dis- 

W tanee from the edge round whieh it may 

^^* ^^ be supposed to turn. 

Then the inertia of the eolumn is equivalent to a force 

P=:M/ 

aeting horizontal}y through its eenter of gravity and teuding 
to overturn the eoluran, the overturning moment being 

Fy = M/y 
This moment is opposed by the moment of the weight of 
the eolumn Wx, and therefore when the eolumn is on the 
point of overtuming, 

W 

^yx^Fy:=Ufy^ ^fy 

■ . 5 = / 

' ' y 9 

• X 

^ ^ y 

If / exceeds this value the eolumn may go over, if less the 
eolumn may staud. 

If V is the maximum velocity of an earth partiele as 
determined from an eaiiihquake diagram, or by the projection 



86 



of balls Ac, and t being the time of acquiring this velocit}% 

T 

or < « — , where T is the eomplete periodie time, then / in the 

above formula may be eonsidered as 

^ t (I) 

If V and t are both very Bmall this formuIa may be 
eonsidered nearly eorreot, but if the amplitude is large then 
the upsetting value may be nearer to the maximum aeeelera- 

V 

— where a is half a gemi-oseillation, and not the mean 
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time aeeeleration (see Ninth 6et of experimentB). 
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In the followinfi: table the maximum aeeeleration — has 
been ealeulated for prominent norroal motions. The ratio of 
this to the mean time aeoeleration is ^. 



TABLE OF MAXIMUM AOOELERATIONS. — IN MILLI- 
METERS PEB SEO. PER 8E0. 



At Station A 



At Station B 



At Station C 



a 



! u 

t 

i U 

I ^ 

i ^ 
I 1 

, 2 
5 



1 1 



; Mean 
Yalues 




O 

U 

u 

es 

a* 





o 
u 

u 

es 

a* 
t 

09 
U 

O 



I t 

u 

p 

cr 



p 
o 

U 

0) 

U 
03 

P 



1-H 


1, 


O " 


4* 

m 


82 


60 


1 

47 i 


5 ' 


! 28 

1 


55 


67 1 

1 


18 


! ^^ 


i " 


108? 


9 

1 _ 


41 


\ 62 


70 


1 
9 



p 
o 

u 

S 

u 
eS 

P 
o« 

•B 

M 

o 

•§, 



49 
58 
64 



p 
o 

U 

B 

u 

% 

a* 

lO 

u 

o 



22 
20 
83 



P 
o 

e8 



12 

4 
6 




p 
o 
(4 

u 

e8 

P 



u 

o 



^ ©I 



19 
14 



p 
o 

p 

kO 

o 



10 

* 

22 



18 j 10 



Owing to the difficulties in making the neeessary time 
obseryations it is impossible to make ealeulations of masimum 
aeeeleration for inward motions, whieh are eyidently very 
mneh greater than the ones just given. Frora an inspeetion of 
tlie aeeompanying diagram Fig. 11, whieh represenls mean 
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yalues for the intensity of the three waves given in the 
preeeeding table, it would appear that for the area experi- 
mented on, the energy of raotion varied in^ersely as some 
function of the distanee from the origin. 
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From the diATerenee in the results obtained at the first 
station, whieh was at varying distanees from the origin, it is 
probable that the rate at whieh energy was dissipated was 
greater between ppints near to the eenter of explosion than 
it was between points whieh were farther removedi Mr. T. 
Alexander has suggested that the total energy of the distur- 
banee might be eonsidered as proportional to the area enelosed 
between a curve of intensities and its axes, and having obtained 
^ueh a curve for a unit disturbanee produeed for example by the 
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explosion of a pound of dynamite we should have the meaus 
of giving absolute yalues for earthquakes providing their 
intensities had been roeasured at a 6ufficient nurober of stations. 



RELATION BETWEEN NORMAL AND TRANSYERSE 

MOTION. 

From an iuspeetion of the diagrams it ia evident that the 
normal motion has in all eases appeared on the reeording 
surfaces a short interval ahead of the transverse motion. 
Unfortunately owing to irregularities in the diagrams we are 
unable to make aeeurate measurements of these intervals. 
One elass of irregularities are probably due to displaeemients 
produeed by sudden thrusts parallel to the length of the 
reeording braekets, whilst another elass may have been 
produeed by sudden alterations in Ievel aeeompanying the 
transit of 8urface waves. Evidences of sueh disturbanees 
appear to exist in the diagrams. 

For these reasons the results eontained in the following 
table must oply be regarded as approximate. 

The time in seeonds that the normal motion was reeorded 
before the tran8verse motion is as foIlows. 

Time in seeonds that the 

normal motion was reeorded 

before the transYerse motion. 
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On the assumption that these four reeords may be regarded. 
separately, the aeeorapanying curve has been drawn (Fig. 12). 
The aetual points, for whieh it may be regarddd as a meah 
value, are shewn by dots. From this diagram it would appear, 
that at a eertain distanee from the origin the normal motion 
outraees the transverse motion at a rapid rate, but as the 
disturbanee radi&tei this rate deereases. It would seem that 
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Time relation between I^ormal and Transyerse Motion. 
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the curve ought if prodUeed to pass through the i^eal origin of 
the disturbanee. The origin referred to in the figure is the 
epieentrum of the shoek. 

For reasons already stated, as it is possible that there may 
be inaeeuraeies in these results the above table and diagram 
yet require eonfirmation by farther esperimentd. 

YELOeiTY 0F PROPAGATION. 

In determining the yeloeity with whieh different vibra- 
tions were propagated, it is neeessary to make measurements 
similar to those referred to in the last seetion, in eonse^uenee 
of whieh individual determinations are open to eonsiderable 
error. The results most nearly eorreet are probably those 
determined as averages. 
1, Horizontal motion, 

Normal Yibrations. TransYerse Yibrations. 

Velocity in*feet per see. Yeloeity in feet per see. 
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From the above table we see that the normal vibrations 
have been propagated at a greater rate than the transverse 
vibrations, the velocity ratio of the two between A and B 
being as 1.5:1. It will also be observed that for the normal 
motion the velocity is greater between stations near the 
origin, than between stations at a distanee. This rule is 
apparently reversed for the transverse raotion. It is quite 
possible that this'result is due to errors in time raeasurement 
due to irregularities in the diagrams. 
^. Yertieal motion. 

An inspeetion of the diagrams elearly indieates that 
vertical motion was always reeorded at station B a eonsidera- 
ble interval before there was any traee of either normal or 
transverse motions. In experiments 1, 3 and 4 the interval8 
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between the appearanee of vertical and normal moyements 
were respeetiyely .14 .i5 and .29 seeonds. 

Tbese numbers are ealeulated on the assumptioii that the 

6rst tremor obseryed in the normal reeord is due to. the 

« 

horizontal normal eomponent. The interyala between the 
appearanee pf vertical motion and the first dedded normal 
rootion are respectively .53, .76 and .64 seeonds. A mean 
value for these measurements is .22"° whieh may be taken as 
the tirae by whieh the free surface wave outraeed the normal 
eomponent of horizontal motion in a distanee of 234 feet. 
(the mean of 250, 238 and 214 feet). 

' Assuming that the normal motion had a velocity of 357 
feet per seeond, the time taken to traver8e 234 feet would be 
.65 seeonds. 

From this it follows that the vertical eomponent travel]ed 
this distanee in .43 seeonds and therefore had a velocity of 
544 feet'per seeond. 

Other results may be obtained by diseussing the above 
data separately or by basing ealeulatious on time measurements 
made between the first deeided normal and vertical movement8. 

The most interestih^ ])oint eonneeted with this seetion 
of the subject is the observation that the preliminary tremors 
of a disturbanee are due to a surface wave outraeing the 
horizontal ooraponents of motion. Previous observers have ^ 
determined the velocity of transit by observing tHe instant 
at whieh the surface of a vessel of niereury was set iu 
vibration. By working in this way Mr. Gray and myself 
determined an average velocity of transit in hard mud 
(see first set of experiments) as 630 feet. 

Mr. Mallet determined a velocity in sand as 824 .915 feet 
and in solid granite as 1664.576 feet per seeond. 

Geheral Abbott for like detenninations in bard roeks 
oblained velocities of 3,000 and 8,300 feet per seeond. All 
high yeloeities like these usually aeeredited to the transit of 
earthquake motion, may possibly be due to • the observers 
having reeorded the surface wave. 

Another phenomenon whieh the relatively high velocity 
of the 8urfac€ wave may perhaps aeeount for, are the prelimi- 
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nary tremora whieh havc so often be^n observed to aeeompany 
large earthquake9. As one example of 8uch tremors I will 
refer to the earthquake of Mareh llth 1882 Where I reeorded 
sueh tremors extending over a period of 10 seeonds before the 
arrival of any. doeided earthquake motion (see Trans. S.S. 
Vol. VII Pt. 2 p. 42) These preliminary treraors may also 
be eonneeted with the sound phenoraena whieh usually pre- 
eeed earthquake motion by a short interyal. 



OBNERAL OBSERYATIONS ON THE GHARAGTER 

0F THE REGORDS. 

In looking at the diagrams of the yarious ezplosions it 
will be obseryed that the majority of wayes whieh have been 
reeorded are cluaracterized by their smoothness in outline. 

A notable exception to this is to be obseryed in the fir8t 
two or three waves of transverse motion reeorded at station 
A. These are invariably irregular. The greatest irregularity 
oeeurs when the normal motion has been the greatest, as in the 
experiment No. IV, and least when the normal motion has 
been least as in experiment No. III. 

This would appear to indieate that the souree of the 
irrgularity must be traeed to the earlier eommeneement of 
the normal motion whieh had disturbed the transyerse braeket. 
Theoretieally sueh a disturbanee eould not oeeur, but as has 
already been indieated p. 38., tbere are reasons for believing 
that sueh disturbanees have an existence. 

Another peeuliar eharaeter to whieh attention may be 
drawn are the slight but sudden ehanges or noteh like marks 
whieh are superimposed on several of the later wave8 in the 
normal reeord. 

In experiments I, II and IV sueh notehes may be observed 
on the left hand side of the first large wave, In experiment 
I, the noteh oeeurs near the top of a wave, in experiment II 
about ha]f way down the wave, whilst in experiment IV it 
oeeurs near the base of the wave. 

By eomparing the normal motion at A with that of the 
same explo6ion at B we see that by the time it iias travelled 
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to B the notehes haye been so far elongated tbat they prae- 
tieally eonstitute a seeond waye. In esperimeiits I and II, a 
notehed waye at A is ineluded between the Sgures 1 and 2. 
The dOuble w&ye at B r^esulting from this is ineluded between 
eorresponding figures. With this exeeptioli it may be said 
that it is praetiealiy impossible to recognize the same waye 
at two neighbouring stations. As a disturbanee trayels it 
appears to totally ehange in eharaeter. This obseryation 
appears also to hold good for aetual earthquakes. 

A third point to whieh attention may be drawn is, with 
the exception of the reeords taken at A, the indefinite manner 
in whieh the normal or transyerse disturbanee has eomraeneed. 
This as already pointed out, may be explained on the 
assumption that the quickly transmitted yertieal yibrations 
have affected the braeketa reeording horizontaI motion before 
the aetual arriyal of the horizontaI motion. To aeeount for 
yertieal motion afiecting horizontaI braekets we may suppose 
that the yertieal wayes eaused slight tips in the soil. 

The greatest irregularity in the eharaeter of the wayes 
appears at station C where they are smallest. In experiments 
I and II attention may be direeted to a series of small ripples 
appearing near the third time-interyal. 

The best idea of the aetual moti'on whieh took plaee at any 
partieular station, may be obtained by the inspeetion of a 
figure resulting from the eombination of the normal and trans- 
yerse motions. Three figures haye been drawn for the first 
three wayes at statioh A in experiraents I II and IV (see Pigs. 
13, 14, 15.). To draw these Sgures the original diagrams 
were enlarged three times. The point from whieh motion 
eommeneeel is shown by a blaek dot. The direetion whieh 
the motion fb11owed is shown by arrows on its path. From 
these diagrams it would appearthat the first motion at station 
A, although characterized by many irregularities has a general 
direetion in the line of the origin. The loops and irregularities 
in these figures are yery similar to the irregularities, obseryed 
in the diagraras taken by seismographs with single indiees 
writing on stationary plates (see Fig8. 2. 3. 4. 5. 6.) 
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V. SERIES 0F EXPEBIMENT6. 



1 



o 



+ B 
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These experiments were a eontinuation of the experiments 
preyiously raade at Akabane and Tameike. Both at Aka- 
bane and Tameike the ground on whieh the experiment8 were 
eondueted was soft and wet. The speeial object of the experi- 
raents deseribed in the pi^esent paper was to determine the 
velocity with whieh yibrations ot various deseriptions were 
propAgated in ground whieh was dry and hard. They were 
earried out on thie 19th of Mareh, in the grounds of the 
Ghirikioku (Survey Department) in the eentral part of Tokio. 
The preparation for these eKperiinents oeeupied several 
months, — mueh time being spent in making the required 
instruments, obtaining dynamite, telegraph wire, firing instru- 
raents, but above all in finding a loeality for whieh permisson 
eould be obtained to earry'out the experiments. 

The general arrangements 
for the experiments will be 
understood from the aeeom- 
panying sketeh. At A, B 
and C whieh are in a straight 
line, stakes were driven in 
the ground e^ the tops of 
wbieh seismometers were 
fixed. The distanee between 
A and B, and B and C was 
200 ft. In a eontinuation 
of the line C B A eommen- 
oing 30 ft distant from A, at 
the point 9, a bore hole 3 in. in diameter was sunk ten feet. 
Similar bore holes were sunk at 8, 7, 6, 5, 4, 3, 2 and 1, eaeh 10 
flb apart. From these bore holes whieh were dry, it was seen 
that the soil eonsisted of a few inehes of vegetable mold, there 
5 or 6 feet of a reddish earth eontaining pebbles and fragmente 
of tile, and lastly at the very bottom of the hole a stilT blaek- 
ish elay. The chief part of the bore hole was through the 
reddish gravelly soil. 
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To the left of this line at a distanee of from 200 to 300 ft. 
was a tnoat running along the base of the high ground upon 
whieh the Bh^un's eastle was formerly situated. About 100 ft. 
away upon the right was a high bank wLieh on the far side 
deseended to the flat grouiid on whieh the greater portion of the 
eity of Tokio issituated. 

The Arst explo8ion was made in hole number 1, the 
seeond in niimber 2 and so on, eaeh explosion in this way 
being 10 ft nearer to A than the one whieh proeeeded it. The 
holes were tamped with loose earth. The dynamite whieh 
was employed was kindly given to me by Mr. Denys Larrieu 
a member of the Seismologieal Soeiety. 

The eharges whieh were employed for the diiTerent experi- 
meuts and the distanees of A B and C from the explosion will 
be seen from the followinor tnble. Eighteen eartridges and 8ix 
prim'ei's weighed 5 Ibs. 
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90 
80' 



B C 

ft ft 
310 5L0 

330 600 I (missed fire) 

I '• 

290 490 I 

I 

I 

480 < (hole 5 h deep) 



280 

70 270 i 470 

60 ^-260 I 460 

60 260 460 

f 

40 240 440 

30 230 ! 430 



( No result, the 
^eharge being 
( too small 



The first five of these explo3ions were employed to deter- 
mine the speed of yertieal vibrationj'. Numbers VI and VII 
f0r the speed of normal vibration3 and VII and IX for the 
speed of transverse vibration?. 

The instruments employed to reeord vertical vibrations 
were as follow8. 
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S is a brass wire spring 2.5 cni. 
in diameter Btretehed by a lead 
weight W (about 1 Ib.) to iiearly 
double it8 length, and making 
about 27 osetllations in 20 see. 
By means of the supporting 
serews this was. so arranged that 
a pointer on the under side of W 
justs rested on the short arm of the lever L, the longer arm of 
whieh was a straw. This lever almost balanees on its fulcrum. 
From tlie fulcrura a very thin wire passes down the straw to . 
its end where it makes eontaet with a small eopper 
plate C fixed on the head of a serew, The whole of this 
arrangement is earried on the fram6 shown in tliiek lines, 
whieh in turn is earried on a stake driven in the ground. 

It is very evident that any upward motlon of the grouud 
will tend to leave the weight W at rest. The fulcrum of the 
lever having beeu raised, the short end being in eontaet with 
Wand therefore at rest, the longer^end must be eaused to 
move upwards a distanee whieh will be some multiple of the 
aetual upward motion of the ground. This multiplieation of 
the upward motion of the ground will be as the short arm of 
the lever is to the total length of the leyer. In the instruments 
employed the multiplieation was 12. 

By this arrangement - it is evident that a yery slight 
upward motion would be sufficient to break the eontaet 
between the t)opper plate and the wire at tlie long end of the 
lever. 

An instrument like the one deseribed covered by a . 
small tent was plaeed at eaeh of the stations A B and C. 

Eaeh of ihese instniraents was plaeed in an eleetrie eir- 
euit, the eurrent passing from the fulcrum down the straw to 
the eopper plate C. 

In eaeh of these eireuits an eleetro-magnet was plaeed 
whieh so long as the eirenit was elosed deflected a lever at the 
end of whieh these was a needle point resting on a smoked 
glass plate. This smoked glass plate just before the explosion 
took plaoe, was eaused to move by being plaeed on a earriage 
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drawn by a falling ^aeight. The motiou of this earnage 
was regulaied by a string wound upon an axle to wbieh was 
attaehed a fan reyolving in a yessel of oil. To measure the 
speed of the earriage', a small pendulum wad so arranged that 
at eaeh of its swings it made a tiek upon the moving glass. 

The eleetrieal eonneetions will be understood from .the 
aeeompanying sk^teh. 




Ii I, and i, are the three instruments eaeh of whieh bas 
its owu eireuit, battery (B} B,and B,) and magnet (M, M^ M,). 

The batteries, magnets, moving earriage &c. were arranged 
on a table in a large tent elose to B. 

The order of proeeeding was as>follows. 

The instruments I, I, and I, were all carefully adjusted 
by the same person. This adjustments was in all eases so. 
delieate that it was impo6sibl« to walk on the ground in the 
neighbourhood of the instruments without breaking the eontaet 
as was seen by the movements of the lever eonneeted with the 
magnet. All being adjusted, the key K w&s depressed and all 
the levers deileeted, the pendulum was set swinging, the earri- 
age with the glass plate set in motiou, and shortly afterwards 
by depressing the lever of orTe of Breguels eleetrieal oxploders 
the explosion took plaee. 

The result obtain'ed wa^, that when the instrument at A 
was affected the eireuit was broken and the straight line being 
drawn by the lever of M, was broken. Shortly after this 
when the disturbanee reaehed B.^, the line being drawn by 
M^ was broken and finally M3 was broken. 

, For normal and transverse motions, braeket seismographs 
having a multiplieation of about 12 were used. 

These instruments were so arranged that a fiue wire was 
earried down the writing index as one terminal of an eleetrie 
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eireuit^ this r^ted on the apex of au in yerted V shaped pieee 
of wire as the other terminal. A slight motion of this index 
to the right or to the left 8ufficed to break the eireuits. 

The remainder of the apparatus in eonneetion with these 
braeket seismographs was similar to that emproyed with the 
instruments for yertieal motion. 

The results whieh were obtained are shown in the table on 
the next page. Numbers II and IX of these experiments are 
omitted, the iirst beeanse the explosion missed fire and the 
seeond beeause the disturbanee produeed by the explosion was 
too small to produee an effect at the stations B and G. 

The table of nuraber^ proportional to the intensity of the 
shoek at A were obtaiued by diyiding the numbers proporiional 
to the eharge of dynamite by the distanee from the bore hole 
to station A., it being assumed that the intensity of a distur- 
banee is proportional to the quantity of the explosive whieh 
produees it, aud inyersely proportional to the distanee from 
the seene of explosion. The reason for this latter assumption 
will be seen- by reference to page 37. 

When examining this table, attention may be drawn to 
the following facts. 

1. It is extremely probable that the so ealled Normal yi- 
brations are in reality yertieal moyements whioh eaused 
the eireuit to be broken by produeing a tip in the soil 
and throwiog the pointer of the braeket seismograph out 
of eontaet. The Tran^yerse yibrations may really be 
transyerse motions, inasmueh as the pointer of a braeket 
would not be thrown out of eontaet by wayes adyaneing 
parallel to its length. For farther eyidenee fbr sueh 
suppositions see the fourth series of experiment8. 

2. For experiments VI VII and VIII two yeloeities are 
giyen for the same time interyals. The reason for this is 
that after the fifth experiment all the eleetrieal eonnee- 
tionshad to be rearranged with the ehange of instruments. 
In doing this confusion appears to haye arrisen between 
the wires leading to A and B, in conscqu^ncc of wliieh 
the reeorded time interyals may refer to A C or to B C. 
The latter is more probably eorreet. 
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860 


186 


248 


2.25 


100 


1 
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211 




2.50 


90 


, 352 


284 


281 

• 


2. 


80 


1 848 


282 


277 


1.26 


70 


1 


208 or 407 


2.50 


60 


1 

• • 


288 or 476 


3.25 


50 


• • 


172 or 844 


8.25 


40 



.022 
.027 
.025 
.017 
.041 
.065 
.081 



The general results obtainable from the above table appear 
to be as follows. 

1. The velocity of transit is greater for the iirst 200 feet than 
it is for the seeond 200 feet. In other words as a distur- 
banee radiates its velocity deereases. For the first 200 
feet the average velocity was 348 feet per seeond whilst 
for the seeond 200 feet it was 213 feet per seeond. 

2. For the first 200 feet the velocity of transit varies direetly 
as the intensity o^-the distiirbanee at A, — ^thegreaterthis 
intensity the greater the velocity. For the seeond 200 
feet this law is not so niarked. 

3. The average velocity over the whole range from A to C 
may be taken as a mean of «xperiments I IV and V. 
It eqiials 267 feet per seeond. 

4. The lowest reeord is that for tran8verse motion. 

These results ean only be looked upon as confirming 
i'esults obtained by General H. L. Abbot, of the United States 
Gorps of Engineers (see Ameriean Journal of Seienee and Arts 
Vol. XV No. 87 p. 178). 

Thus to show that rate varies with the intensity of the 
initial shoek General Abbot quotes from his observations the 
following. 



400 Ibs. of dynamite gave 8814 ft. per aeeond 
200 „ „ „ „ 8730 „ „ „ 

•^ „ „ y» „ O410 „ yi 91 

And to show that the yeloeity of the wave deereases with 
its advance the followng is quoted. 

200 Ibs. of dynamite give for 1 mile 8730 ft. per seeond 

»> >» » »» W » ^ »> O^OU ff y, „ 

50,000 „ „ „ „ „ 8 „ 8300 „ „ „ 

' 99 »> »» 9t >» »» Au-J- ly OOUU „ „ „ 

It may be ofojected that some of these obser^ationa were 
made upon disturbanees propagated through differpnt media 
all tbe stations not being in the same line. A1sq the experi- 
ments were made at different times by different observers. 

The late Mr. Mallet also raised many objections to the 
'results obtained by Gkneral Abbot. From the results of my 
own experience I am inelined to agree with the results ob- 
tained by General Abbot inasmueh as the objections even if 
valid ean by their eorreetion only make slight differences in 
the general results. The low velocities whieh I have reeorded 
are almost as mueh below those obtained by Mr. Mallet as 
Greneral Abbot's are above. This appears to be due, partly to 
.the media in whieh ' I made my experiments, partly to the 
feebleness of the initial shoek and partly to the instruments 
whieh I employed not been sufficiently delieate to reeord the 
^all suriaee waves whieh outraee the movement of ^oek. 
It will be observed that in the experiments whieh I have 
deseribed personal error, in observation have been avoided. 
Meamrement of Meudmum Yertieal Motion. 

In three experimeiit8 the maximum vertical motion was 
approximatcly measured by fixing at right angles to the 
straw poin'ter of the instruments for vertical motion a short 
pieee of very thin wire. After the Instruments had been 
adju8ted a glass plate standing vertically was gently pushed 
into eontaet with this so that if the pointer were pushed 
upwards, it would remain at its highest position in eonse- 
quence of the friction of the wire against the glass. 

The result was that the upward motion at A as eomposed 
with B was about as 7 : 3 
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The aetual upMrarda motion at A was in the III experi- 
ment about 3"™ in the IV experiment about 1.4""*. At C the 
motion was too small to be measured. 
Ihperimeni to 8ee how far two points near to eaek other 
eynehrotiised in iheir motion. 
In j>utting up seismometers espeeially those whieh give 
their reeords as two eomponents it is usually assumed that we 
may support our apparatus on the heads of two posts driven in 
the ground at a short distanee apart, the results obtained 
being the same as if we had supported our instrument upon 
one large post. 

If however it eould be shown that at the time of an earth- 
quake the heads of two sueh posts did not synchronize in their 
motions, not only should we establish an important physieal 
fact but also obtain information of praetieal value to the 
working seismologist. 

With this object in view, in conjunction with the experi- 
ments whieh have been deseribed, the fo]lowing experiment 

was made. Near to the station 
A in a line paraliel to A B C, 
two strong stakes S, T, were 
driven in the ground at a dis- 
tanee from eaeh other of about 
S2r. From the head of 8 and 
projecting in the direetion of T a light stiff board C was 
fixed. Down the middle of this there was a rib to give 
8tiffness. The eross seetion of C was therefore thus +• On to 
the end of this there was serewed a pieee of brass with a 
Amall hole in it at d. Immediately under this hole l^ below, 
there was a hole in a pieee of brass attaehed to ther stake T. 
Passing through these two holes was a pieee of stiff wire with 
a small brass ball upon it. This ball whieh aeted as a uni- 
versal joint held the wire suspended in the lower pieee of 
brass. The wire was eontinued downwards with a light bam- 
boo'index terminating at its lower end with a needle sliding 
through two small holes. This rested on a plate of smoked 
glass resting on a bloek of wood W. 




77^ 



/^, 



^7777 



58 



If 8 and T syncroniz€d on their movements then it was 

, assumed that d and/ would always keep iu the same vertical 

line. If howeyer there was a want of synehronism then the 

diAerenee in motion of these two points would be magnified 

about 20 times by the poipter/^r whieh was 21'" long. 

The results whieh were obtained were as follow8. 

/ Expl(mon. A mark was made on the glass about 16"" 

long in a direetion at right angles to the line A B C. 

III Explosi<m. Seyeral lines were made. At right angles 

to A B C about 10""", and inelined to' this at about 
45^ a line of 15»". . 

IV Explosion. Irregular markings about S"» long. 

V Explosion. A line of about 4"" long almost parallel to 

A B C, and also an irregular niark. 
For remaining esplosions the line of the two stakes 8 T 
was plaeed at right angles .to the line A B C, and the move- 
ments were very mueh more definite. They were as follows. 

VI Explosion. A line 10"" long parallel to A B C. 

VII Explodon. At least three large oseillations parallel 

to A B C, the largest being 29""" long. 

VIII Eeplosion. At least four large oseillations parallel to 

A B C, the largest being 38""' long. 

IX Explosion. Two or three small oseillations parallel to 

A B C at least 7"" long. 

The results obtained in these experiments would indieate 
that notwithstanding the lightness and stiffness of the arm C, 
it had not synchronized in its mov€ments with the post to 
whieh it was attaehed in consequence of whieh the ppint d had 
not renaaiued vertically above/. If sueh were the ease, in the 
first two experiments d inust have suffered a displaeement 
relatively to/ in con8equence of the transverse eomponent of 
motion whilst in the 6th, 7th, 8th and 9th experiraents the 
displaeetnent would be due to normal nootion. 

That the latter may be an explanation of the last .four 
reeords is quite possible. To explain the exLstence of the Arst 
two reeords having been produeed by a sw'iteh like movement 
in the arm C by a transverse motion is more hazardou8. 
Gertainly the result reeorded in the third experiment ean not 
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be expla]ne<1 by sueh an assumption. Although thede esperi- 
ments >vhen taken by tltemse) yes do not prove that there was a 
difference in phaae inthe moTement of two neighbounngpoints, 
they are weighty evidence in favour of sueh movements having 
oeeurred when taken ii) conjuction with the peeuliar eharaeters 
obsenred in the diagrams of the fourth series of esperiments, 
whieh eharaeters eould only be explained on the assumption 
that during a disturbanee the stake on whieh a seismograph 
rested must have approaehed and reeeded from the plate on 
whieh the reoord was being written. 

BjxperimenU on the produetion of Eartli Ourrents. 

From near the seene of the explosion8 a telegraphie eom- 
munieation was established aeross a deep moat up to a hill, 
where the meehanieal disturbanees were praetieally not obser- 
vable. Eaeh end ot' this eireuit was put to earth by means of 
two long erowbars, and in the eireuit on the hill oue of Glark's 
differential galvanometers was arranged. As either of the 
erow-bars was raised or depressed it was found that the eurrent 
passing through the galvanometcr varied, sometimes being 
positive and sonietimes being negative. At a eertaiu depth 
whieh was fouud by trial, the needle of the galvanometer 
remained at zero, and it was in this way that the adjustment 
to 'no eurrent' was made previous to an explosiou. 

When an cxplosion took plaee, one earth bar being at 
distanees of from 10 to 50 ft, a eonsiderable eurrent was always 
produeed, and the needle of the galvanometer swung with 
violence until it reaehed a stop. The direetion of swing was, 
in the ievf experiments whieh were made, always «onstant 
Sometimes the needle remained permanently deflected, and at 
other times it gradually fell baek towards zero. 

These eurrents I regard as being due to a meehanieal 
disturbanee of one of the earth bars, eausing a difference of 
eontaet with the soil ; and, in consequence of this, an alteration 
in the moLsture, oxidation surface, &c., at one end of the eireuit, 
thus giving rise to a difference of potential relatively to the 
other end of the eireuit 

No doubt aetual earthquakes aet upon the earth plates oi 
telegraphie lines in a similar manner, but the eurrents whieh 



65 

are iu this way prodaeed at the time of an earthquake are due 
to differeiit eauses than those whieh appear eometimes to have 
preeeded earthquakes by eonsiderable interyals of time. 

Sinee making the aboye experiments Mr. T. Oray informs 
me as a result of a laboratory investigatiou, that there appears 
to be a difference in potential between two sides of a slab 
of roek when it is bent. 



VI. BERIES 0F EXPERIMENTS. 

These experiments were made at the latter eud of May 
1882, on the same ground where the fiflbh set of expeiiments 
were earried out. The object of the experiments was to obtain 
the yeloeity of transit between five stations. Owing to the 
severity of the weather on the day for whieh permission had 
been obtained to earry on the explosions, many of the experi- 
ments unfortuuate}y ^Eiiled. 8uch results as were obtained are 
however of sufficient value to be reeorded. The general ar- 
rangement of apparatus with the eleetrieal eonneetions was 
praetieally indentieal with the arrangement employed in the 
last series of experiments. To reeord the passage of a distur- 
banee at the different stations for the first two expIosions " eir- 
euit olosers" were used as breakers. This was done by. 
pushing the mereury dish so that it eame to eontaet with the 
index, on the side of the explosion. For a deseription of the 
"eireuit eloser" referred to, see Trans: Seis: Soe. Vol. IV p. 
98. For the remaining experiments vertical spring instru- 
ments similar to those deseribed on page 47 were employed. 

The five stations A B C D and E were eaeh 160 ft, apart 
and in the same straiglit line with the bore holes where Dyna- 
mite was exploded. The eharges whieh were employed, to- 
gether with the distanee of station A from the difierent bore 
holes, and the general results whieh were obtained are given 
in the following table. 
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^ ^ Yeloeity in feet per see. ^uT 
Ezplo«on. AB 5 



OD DK 



I 

II 

III 

IV 

V 

VI 

VII 



806 



260 



897 



264 

266 



264 



• • • I • • ■ 



285 



288 
857 



Gbeige 

of 

Dyn«- 

mlte 

In 

Ibe. 


Dlstanee 

fh>m 

Bore 

holeto 

A. 


No. 

pTOpor- 

Uon«l 

to 

intensltr 

atA. 


2 


116 ft. 


.017 


2 


106 


.019 < 

1 


8.6? • 


75 


.046? ' 

1 


2.26 


66 


.040 1 


2.6 


46 


.065 ; 


2.26 


86 


.064 


2.25 


85 


.064 



The deduetions to be made from the aboye table are eyi- 
dently similar to those made from the table of results given 
for the preyious set of experiments. They are briefly,— 

1. The yeloeity of transist is greater between points near to 
the orig^ of a disturbanee than between points farther 
remoyed. 

2. The Teloeity of transit yaries direetly with the intensity 
of the initial disturbanee. 

The aetual yeloeities whieh have been reeorded, it will be 
obseryed aeoord fairly well with those determiued iu previous 
ezperiments. 



VIT. SERIES 0F EXPERIMENT8. 

On May 28th 1882 I suddenly received notiee that 
His Imperial Majesty the Mikado would on the 30th of the 
month visit the Meteorologieal Department (Ghirikioku) 
where amongst other things he was desirous of witnessing the 
eiTeets of dynamite in blowing up earth. 

As the interval for preparation was so short I had not 
the time whieh was neeessary to organize experiment8 whieh 
would require the use of seismographs or speeial instruments. 
The result was that the only advantage whieh eould be taken 
of these explosions was to make obseryations requiring arrange- 
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ments of a very simple kind. The ground seleeted for the experi- 
ments had in many plaees been yery must eut up by trenehes 
and other military works in consequence of whieh it was mueh 
drier and looser than that whieh had been preyiously employed» 
The explo6ions were three in uumber» the eharges being 
plaeed in 8 ft. bore holes eaeh ten feet apart and in a straight 
line. In the first two explosions about 4 Ibs. of dynamite 
was used. In the third, about 6.76 Ibs. was employed. 

Before a mine was exploded, three eylindrieal bloeks of 
deal eaeh 6 inehes in length and 6 inehes in diameter were plaeed 
on the sur&ee of the ground about 2 ft» 6 in. distanee from the 
top of the hole and equally distant round it. A fourth bloek 
was plaeed above the hole. These bloeks were marked A, B^ 
C and D. At various distanees from the bore hole heavy 
planks of wood were plaeed as stands for groups of wooden 
eylinders. Eaeh group eonsisted of four eylinders the dimen* 
sions of whieh were as follows. 

Length Diameter 
No. of eylinder 1. 12*" 4'" 

„ ,. „ 2. W^ 4*- 

3. 8»» 4»- . 
„ „ 4. 6»- 4»- 
The arrangement of the planks aud groups of eylinders 
of whieh there were 8ix will be nndei'stood from the aeeom- 
panying figure. 

In the diagram 5 bore holes ar^ 
shown by blaek dots. Only the first 
three of these were employed. After 
the first expIosion plank VI was 
moved to A, whieh was 42 ft from- 
bore hole 2 and 15 ft A-om bore 
hole 5. After the seeond e^plosion^ 
plank V was moved to B, whieb 
was 15 ft from 3 and 12 ft from 5» 
These measurements were made from 
^ the eeuter of eaeh plank. 

yi—jL— Xhe result of an explosion was ta 

Ieave tt eonieal hole about 15 ft in deptb. 



,» „ 

„ 
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The shallowneas and probably the formx)f the hole is due 
to the falling debris ^vhich at the time of the explo8ion had 
been &hot upwards in a fountain like eolumn. 

There is no doubt but that many of the eblumns were 
oyerturned bj the falling materials. 

The horizon1al yeloeity of " shoek " neeessary to oyertum 
a Golumn is ealeulated ^rom the following formula used by 
Mallet (see '' The Admiralty Manual of Seientific Enquiry " 
p. 312) 

where a = lieight..of the eoluron 

b ss diameter of base of eolumn 

9 = the angle formed by the edge of base and a line 

drawn through the oenter of gravity, 

For obseryations on the applieability of this formula see 

remarks at the end of the ninth set of esperiments. The 

values given by this ^ormula whieh are probably £ir below the 

V 

true value, and the value for/or-— (see page 85.) alsoin feet 

V 

are given in the following table. 

If we assume a value for t say -^ seeond, then values 
for V or the maximum velocity of .the ground whieh eorres- 
ponds to the yeloeity of projection are given in the last eolumn 
of the table. 

» 

Yeloeity of Aeeeleration Masimuin 
shoek to eaase Teloeity of 

(Mallet.) oyerturning. (Page85) ground. 



Golumn 


1 i 


1.55 ft. 


- 

10.7 ft. 


1.07 


» 


2 


1.75 


12.8 


1.28 


» 


3 


2.07 


16.1 


1.61 


» 


4 ! 

! 


2.49 


21.3 


2.13 



I ErplosUm. 
At plank I. 



Oolumn 1. was just overturned and remained 
on the plank. 

„ 2. was projected 2', 3". 

„ 4. was slightly projected. 
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Of these eolumns it may be assumed that eolumn 1 was 
oyerturned by the shoek indieatiog a maxlmum yeloeity of 
about 1.07 ft. Coliimns 2 and 4 were probably overturned 
or projected by the ^aUing debris. 

Owing to the haste with whieh the seeond hole had to be 
fired no time was allpwed to measure the distanee to whieh 
the bloeks were projected. 
II Exploswn. 
At plank I. Oolumn 1 was projecterl inwards 1 ft. 

» 2 „ „ „ o in. 

„ 3 „ „ outwards 10 in. 

>» ^ » >» »» ^ ^^» 

Gplumns 3 and 4 may possibly have been overtumed by 

their inertia and would indieate a maximum yeloeity of at 

least 1.28 ft. 

Prqject{on. 

The position of the bloeks and their direetion of projec- 

tion with regard to the bore hole whieh is shown as a blaek 

dot will be seen by reference to the aeeompanying diagram. 

^ ^ A was projected 46 ft. horizontalIy. 



*-0* D « 



9k^^ B ,. „ 24 



»> »> *** » >> 



y^ ^ » » ^* » » 

-^ D 14 

•■-' >» >> ^^ >> >> 

The horizontal distanees were measured from the bore 
hole. Assuming that.the angles of projection for A B C and 
D were respedtively 85, 70, 52 and 40 degrees then the initial 
ve]ocity eommunieated to A B G and D must have been 
approximately 93, 33, 27 and 18 feet per seeond. The angles 
of projection were determined from the known depth of the 
eharge, and the position of A B C and D with regard to the 
bore hole. From the form of the hole * resulting from the 
explosion, and from the direetions in whieh the bloeks were 
thrown it is probable that the initial direetions of projection 
were along a linejoining the-eharge and the bloeks. Ifthe 
angles of projection whieh are taken as small as possible be 
inereased, the resulting velocities for the given ranges will also 
be inereased. 
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III Explo8um. 
At plank I Golumn 1 was projeoted 7.6 in. outwards. 
Atplankll „ 2 „ „ 11 in.. „ 

»1 I» »> »> ^ ,> » ' o»<^ in. II 

At plank V i, 1 „ oyerturned „ 

As all the eolumns whieh were projected or oYertumed 
were praetieally at the same distanee from the explo6ioni we 
may take the maximum yeloeity as haying been that neeeesary 
to overturn eolumn 3, or 1.61 ti, per seeond. 
PrqfecHon of Bloeks. 

A was projected 25 ft. horizonbilly 
B „ I, 30 ft. 

C II „ 34 ft. 



»» 
>» 



D „ „ 14 ft. 



The measurements were made from the bore hole. 
Taking the angles of projection as before, the initial yeloeities 
of A B G and D would be approximately 69, 38, 31 and 16 
feet per seeond. 
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The few results whieh were obtained from theee experi- 
ments are shown graphieally in the aeeompanying figure. 
The horizontal distanees are measured from the true origin of 
the expIosion and not from the epieentrum. 
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Distanee froin the Origin in feet, 

As these experiments are few in number, and as they 
wereperformed under eireumstanees whieh preeluded exactness 
in obseryation the yalue of tbe results whieh might be obtained 
from them by a dose analysis is very doubtful. A general 
inspeetion of the aboye diagram howeyer shews the enormous 
difference in the intensity of . shoek between points whieh are 
near the origin and points like those where obseryations were 
made in preyious experiment8 whieh were relatively at a 
distanee from the seene of expIosion. Another &ct to be 
obseryed is the exceedingly rapid deerease in the intensity of 
the disturbanee between the epieentrum and points only one 
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or two feet didiant froin it, these points like the epieentrum 
being within the area of eseayation. 



VIII. SERIES 0F EXPERIMENT. 

These ezperiments were made on July 6th 188S in the 
grounds of the Ghirikioku, uear tp the plaee where the seventh 
series of experiments were earried out. 

Tho prineipal object of these experiments was to test 
different methods of determining tha intensity of an earth 
disturbanee. Tlie disturbanee was produeed by the explosion 
of a eharge of dynamite in a bore hole. 

Th^ general nature of the observations whieh were made 
was as folIows. 

Ist. The reeord of tho normal motion of the ground. 
This was obtained by a braeket seismograph on a revolving 
plate. To avoid the ehanee of errbr two braekets eaeh plaeed 
to reeord normal motion were employed. These were so 
arranged that they wrote these reeords on two eoneentrie eireles 
as Indieated in the aeeompanying plan. 

During the experiments the pointer 

of the East Braeket was slightly 

broken so that its reeord was some- 

1 ^ ( e^ y \ what irregular. 




K yi ^,/ ^i At the time of the explosion a pen- 

dulum making 22 marks in 10 seeonds 
was eaused to tiek upon the edge of 
the plate. 

The total length Qf the pointers from the baek pivot to 
the deseribing points» 81*^ Multiplieation of the pointers 
= 13. 

2nd. Reeording the distanoe to whieh small lead and 
wood balls were projected from the top of a post 

The balls were one ineh in diameter. The post were 4^. 
Bquare and 6 ft long. They were driven three feet into the 
ground. At the top they were notehed and the balls were 
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rested in the notehes as shewn in the 
aeeoropanying sketeh. 

A lead ball and a wood ball was in eaeh 
noteh. 

It was assumed that the projeetion was 
due to a horizontaI - shoek. The formul8e 
employed io ealeulate the intial yeloeity of 

projeetion on this assumption was V « -^ 

where a = the horizontal distanee of projection 
and h =» the vertical height or 3 feet. 

If we introduee into the ealeulations a value for c or the 
angle of projection, bSised on the assumptiou that the post was 
struek by a shoek eoming direet from the origin, the resulting 
values for V would be inereased. 

3rd. Observations on the overturning of wooden eolumns. 
The dimensions of these eolumns together with the ealeulated 
aeeelerations and velocities of " shoek " neeessary to overtum 
them are given in the following table. For methods of ealeu- 
lating these ^uantities see seventh set of experimcHts. 
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o 

o 

o 
!Z5 



OD 
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n 

fl 



a 
o 



a 



•2 2 

a ^ 
a a 

c8 ••-• 



|||S 

-«1 



> 
o 
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ft mm 


ft mm 


1 


24 




1.34 or 407 


. 1 21 or 86.3 


2 


18 




1.79 or 644 


.300 or 90 


3 


12 




2.68 or 814 


.409 or 120 


4 


10 




3.22 or 978 


.442 or 132 


5 


8 




4.01 or 1219 


.479 or 143 


6 


6 




6.86 or 1629 


.620 or 166 

1 



Groups of these eolumns were arranged in lines on narrow 
planks^ bedded in the soil. 
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The ground was very dry sud eontained large Btones. 
The relatiye poeition of the explo3ious and the instruments 
will be understood from the aeoompauying plan 



Obserying Station 



IV 



III n 






Ezplo6ion8 

3 2 1 
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9 
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O 
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3 
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The e^plosions took plaee in holes about 8 fit deep so that 
from the surface to the eenter of the eharge would be about 
6 ft. In both the iirst and seeond explo6ion 5 Ibs of dyna- 
raite was used, whilst in the third explosion only 3 Ibs was 
employed. 

The result of an explosion was to make a flat eonieal or 
saueer shaped hole about 8 or 9 feet in diameter and about 
3 feet deep. 

An example of the diagrams is shewn below. It re- 
presents the East and West reeords for the third explosion. 
To plaee them side by side one of them has been reyersed. 



East Diagram. 




West Diagrani* 
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RESULTS OBTAINED. ' 

1. Explosion, (5 Ibs dyaaraite in a 6 ft. bore hole). 

Station I. (40 ft. from the origin) 

A lead and a wooden ball were eaeh i)rojected 
6 inehes in the direetion of the origin. This would 
indieate a raaximum velocity of 350 raillinieters 
per see. No eolumns fell. 

Station 11. (50 ft. from the origin) 

A wooden ball was projected 14 inehes away fn)m 
the origin. This would indieate a maximum velo- 
eity in an outward direetion of 795 millimeters per 
see. * * 

Reeords from seismographs. 

The reeord given by the seismograph on the east 
side was not good, its pointer having been aeei- 
dentally damaged. The reeords obtained frpm it 
have therefore not been analyzed. The reeord 
given by the seismograph on the west side furnished 
the following results. 

t a V 



1" quarter out 


.058 


8 


20 


1"' quarter in 


.0053 


8 


184 


2'*'* quarter in 


.053 


10 


23 


1 
2°^ quarter out 


.026 


5 


23 


1 

3'"<* quarter out 


.026 


5 


23 


S'* quarter in 


.039 


6 


17 


4'^ quarter in 

* 


.039 


6 


17 



" out " and " in " respectively refer to motion out- 
wards and motion inwards towards the origin. 
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t is the time in seeonds to describeaquarter wave. 
For the Ist quarter out, t is the time and a is the 
range of a senii oseillation. Tlie smaller the value 
for t the greator has been the difficulty in making 
nioasurements. a is 13 times the true araplitude. V 
is the maximum yeloeity in millimetor;^ |)er seeond. 
This waf< ealenlated as before, the assumption being 
that the motion was simple harmonie. 

Stations III and IV (54 and 68 ft from the origin) 
No eolumns fell. 

2. Kxploiiion. (o Ibs of Dynamite in a 6 ft bore hole^ 

Station 1. (28 ft. from tlie origin). 

A lead ball was thrown 2 ft towards the origin, 
indieating an intial velocity of 1397"". This ball 
evidently rolled after touehing the ground and 
the ealeulated ve]ocity 4s therefore too high. A 
wooden ball was thrown 7*" towards the origin 
indieating a maximum velocity of 396"*'". 
The lead aiid wooden ball on the other side fell 
at the base of the stake. All eolumns were upset 
by debris. 

Station 2. (38 ft froni the origin). 

A lead ball fell 5'" and a wooden ball 9'" to tlie 
south or away from the origin, indieating initial 
velocities of 291""* and 519""". 

Reeords from Seismographs. 

Here again the reeord obtained from the seismo- 
graph on the east side was not good. The results 
obtained from the seismograph on the west side 
are given in the following table. The letters have 
the same meaning as before. 
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.085 


18 


58 
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iu 


.008 


18 


285 


I 2"'> 
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in 


' .096 


20 


24 


1 2'"* 
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oot 


. .017 


20 


185 


3td 
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out 


.063 


9 


16 


3«! 


M 


in 


• .087 


9 


12 


4th 


>» 


in 


.062 


4 


• 9 


4th 


'» 


out 


.043 


4 


10 


' 5th 


1) 


out 


.013 


8 


26 


' 5- 


n 


in ^ - 


.013 


8 


26 


6"» 


t'i 


in 


.085 


8 


10 



Stations 3 and 4. (42 ft. and 56 ft. frora the origin) 
No eolumns fell. 

3. Explodon. (3i Ibs of dynamite in a 6 ft. bore hole) 

Station 1, (14 ft. frora the origin) 

A lead ball fell 9*° and a wooden ball fell ll'" 
towards the origin, indieating maximura velocities 
of Sie™-" and .645»^ A lead ball fell 18"^ and 
a wodden ball fell 15'° away frora the origin, 
indieating initial yeloeities of 1038"" and 850""". 
Golumns 1, 2 and 6 were oyerturned. Number 6 
may have beeii knoeted over by debris. The 
velocities indieat.ed are respectively 36"" and 
156"" (Mallet). 

The overturning aeeelerations are 407, 544 and 
1629"" per seeond per seeond. 

Station 3. (24 ft. from the origin) 

A lead ball was projected 4'° towards the origin, 
indieating an initial velocity of 234"", The 
wooden ball from this side was found on the 
opposite side of the post. 
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A leiid ball was pr<)jected 2'" aiul a woodeu ball 
5'° away froin the origii)) indieating velocities of 
117""" and 291'""'. Golumns 1 and 2 fell away 
froni the origin indieating yeloeities of shoek of 
36'""' and 90""". Tho overturning aee^lerations are 
407"*"* and 544"™ per seeond per seeond. 
Reeords from Seismographs. 

The notation is as before 
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1-» 


(piaHer out 


.007 


18 


300 


V' 




in 


.12 


18 


17 


Ood 




in 


.12 


16 


14 


2»* 




out 


.016 


•7 


54 


gnl 




out 


.015 


7 


54 


grd 




in 


.09 


. 4 


5 


4th 




in 


1 

.09 

1 


4 


• 

5 








1 







The maxin)um velocity ealeulated from the seismograph 
on tlie east side gave results rather greater than the above. 

Station 3. (28 ft. from the origin) 

Here eolurons 1 and 2 fell, indieating velocities the 
sarae as those determined by the overturning of 
eolumns at station 2. It is possible that these 
eolumns at station 3 may have been knoeked over 
by debris. 

Station 4. (42 ft. from the origin) 
No eolumns fell. 
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eONGLUSION. 

Although all ordinary preeautions were t^ken wben 
making these experiments, it is elearly evident that they have 
yielded the most diseordant results. The only Ciise in whieh 
the maximum velocity dedueed from a diagram lias agreed 
mth the initial velocity of projectiQn has been in the third 
experiment, the former being 300"" and the latter 291""" per 
seeond. In all other eases the maximura velocity obtained'. 
from a diagram has been very mueh lower than that obtained 
by projection. One souree of error in working on the dia- 
grams has l>een the impossibiiity of aeeurately making the 
neeessary raeasurements for time. When these are small 
neither they nor the quantities dependent on them like maxi- 
raura velocities ean be relied upon. In future experiments 
this might be obviated by haviug a reeord receiving surface 
moving at a higher velocity. The high velocity of initial 
projection probably arises fcom a want of rigidity in the post 
from whieh the balls were thrown, in consequence of whieh at 
the time of projection the post had a switeh like motion. 
Assuming this eoneliision to be eorreet, it indieates to us tlio 
eaution whieh has to be observed in making ealeulations re- 
speeting earthquake raotion as dedueed from the positions in 
whieh bodies are found after having been projected. It also 
shews that the upright post of simple seismometers intended to 
indieate by projection raust have great rigidity. 

The ** raaxiraura velocity " given by Mallet for overturning 
is as might be antieipated not identieal with the ^'raaximuni 
velocity " of projection. It is evidently a quantity dependent 
on the suddenness with whieh the eolumn receives inomentum. 
These quantitFes are farther diseussed in the next series of 
experiments. 
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IX. SERIES OP EXPERIMENTS. 




These experinienU whieh were earried out in the work- 
shop of the Iniperial Gollege of Engineering were made with 
the object of testing the aeeuraey of the methods whieh had 
been fo]lowed in analysing the reeords obtained in preyious 
experiments. 

They were as follows. 

I. ExP£RIMEyTS ON PftOJECT10N. 

' A fiexible board B 
was elamped in an 
upright positioD. On 
the side of the board 
near to its end a 
sraall shelf was 
^i fixed on whieh a 

sraall wooden ball b eould be rested. On the opposite side 
from the ball a light pointer p was hinged so that its outer 
end rested pn the surface of a eireular glass dise. The 
dise whieh was covered with smoke eould be rotated" at a 
known rate. An experiraent eonsisted of the following 
operations. 

First the board B was deAeeted and held in a deflected 
position by a sraall strut. The plate P was then rotated until 
it had acquired a uniform yeloeity after whieh the strut was 
suddenly removed. The result of this was to throw the ball 
from its shelf to some point ft„ whilst the pointer p deseribed 
a series of waves on the revolving plate eorresponding to the 
vibrations of the board. 

From the horizontal distanees, to whieh the ball was 
projectedtogether with the vertical height through whieh it 
had iiillen its initial velocity of projection might be ealeulated. 
This it wag assumed would be equal to the maximum velocity 
of the board during its first swing, whieh quantity eould either 
be taken direetly by measurements made on the diagram 
drawn on the plate, or ealeulated from the diagram on the 
assuraption of simple harmonie raotion. 
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The above figure is a reproduetion of the eommeneeraeut of 
the diagram drawn in the seeond experiment. ab is the path of 
the pointer diiring the Arst swing of the board'. a e represents 
the time taken to deseribe ab, c? e is a iinit of time given f()r 
the piirpose of ealeulating a value for a c, or any fraction of it 
like 4, 5 or 5, 6. aed e is a portion of the path deseribed by 
the pointer before the strut was removed and the board was 
relieved from its deflectcd position. 
1. Experiment, 

In this experiment a board was used the vibrations of 
whieh had a period of .1(V^ It was deflected 72""". The ball 
was projected 2".8'" from a height of 4^6J'". 
- The maximum velocities obtained were, 

1. On the assumption of S.H.M. 1305'"™ per see. 

2. By direet measurement 1511"'™ „ „ 

3. By projection 1524' 
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2. Keperimetit. 

In thi8 oxperiinent a board was used the yibrations of 
whieh had a period of .^O*". It was deflected T^""'. The 
b:ill was projected 2".3*" from a height of 4".W". 

The maxiinum veIocitie.« obtained were. 

1. On the assuraption of S.H.M. 1056""" per see. 

2. By direet measurement. 1142""' ^, „ 

3. By projection. 1286"'"' „ ♦ „ 

In making the ealeulation on the assumption of simple 

2r r 
harmonie motion in the formula V = — ^r- the value for r 

cb 
was taken as ~— - (see Fig. p. 71 ) whilst T was taken as twiee 

the value ealeulated for a c. 

Although the eonditions under whieh the dynamite 
dijigrams were obtained diAer from those of the spring board, 
it would appear that the methods of ealeulation folIowed 
when analysing the latter are probably the more eorreet and 
therefore to be followed in analysing the former. For this 
reason the first motion of shoekin the dynamite diagrams has 
been eonsidered as a semioseillation and not as a qvarter 
osciJlation. 

Another point whieh these experiments elearly indieate 
is that the iuitial velocity of earthquake motion as estimated 
by the range through whieh bodies have been projected, 
elosely eorresponds to the maximum velocity ealeulated or 
direetly measured from a diagrani, 

The slight diserepeney between these two quantities in 
these experiraent3 partly arises from the fact that the ball 
was not projected horizontally from the top of the bent spring 
but was projected slightly upwards. 

The difference between the ealeulated velocity and the 
velocity direetly measured from the diagram may be due to 
the fact that the motion was not strietly simple harmonie. 
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II. EXPERIMEKT8 ON OVERTURNIXG.' 

These experin)ents were made as f()llows 
I " S is a strong 

spring stretehed 
byal2tbweight 
W. 

A light strip 
of wood P rest- 
ing on two large 
friction rollers 
is attaehed to 
W by means of 
a silk thread T, 
passing round a 
light puUey R. 

A seeond thread T.^ and a small weight balanees the board P 
on the pulleys. When W is depressed and suddenly set free 
it oseillates for a eonsiderable time, the board P moving with 
il baek and forth about the same distanee to the right and 
left of its neutral position. The eolumns overturned were 
plaoed on P as shewn in the figure. As the whole of the 
apparatus excepting the weight and spring was very light and 
the friction small, the free motion of the weight W, whieh 
made 14 eomplete vibrations in 10 seeonds, was but little 
ehanged. The eolumns to be overturned butted against the 
edge of a strip of note paper pasted on the board P. 

The object of tliis was to give sufficient friction to prevent 
the board sr.ddenly moving beneath the eolumns without 
exerting any overturning effort. 

An experiment eonsisted in iinding out the distanee 
to whieh W had to be depressed and then suddenly freed, 
to overturn a given eolumn. Knowing the period of 
the spring and its amplitude, the maximum velocity V, 

the mean time aeeeleration — and the maximum aeeeleration 

— might be ealeulated. An aeeeleration / sufficient for 
vertuming may also be ealeulated frora the dimensions of 
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the eolumns (see page 35). The relationship between these 
three ^uantities m\\ be seen by inspeetion of the following 
table. 



DimetiBioni of wood 
eolmnn 

Length Diam. 



8 
4 

6 

8 



In 



^ ei 

2 5^ 

a S «^ 

5 • - 

5 Sj 



16.1** 

10.7 

8.05 

5.36 

4.01 



oi 

-; tft II 



2.75'- 

2.25 

1.50. 

1.875 

1.125 



> h- 



« o 

V ® 5 
•< «d *S 



11.29»* 
9.28 
6.15 
5.64 
4.61 



a 

M o 



2 



17.78 

14.49 

9.65 

8.86 

7.24 



Examining the above table it will be observed that the 
ealeulated aeeeloration sufBcient to overturn the body is equal 

V 

to the mean aeeeleration as ealeulated from the formula — — 

when the deAeetion is small. For larger deAeetions it lies 
between this value and the value ealeulated by the formula 



a 



These experiments show that the oyerturning power of 
an earthquake as determined from the dimensions of a body 
whieh has been overturned, are at the best only approxima- 
tive. The maximum aeeeleration of an earth partiele lies 
above the va]ue of /as ealeulated from the dimensions of a 
eolumn whieh has been overturned and the mean time aeeele- 
ration lies somewhat below it. 

Mallets formula for the overturning of a eolumn assumes 
either that the eolumn is moving with a velocity V and is 
suddenly eheeked at the base, or else that the earth is moving 
with velocity V and the eolumn is plaeed suddenly on it. As 
these eonditions do not appear to cxist in an earthquake the 
formula is inapplieable. 
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X SERIES 0F EXPERIMENTS. 



These experiments were made in 1881 in the Physieal 
Laboratory'of the Imperial Gollege of Engineering by me 
jn eoTijunction ivith Mr. Thomas Gray who was then aetingas 
Profe8sor of Natural Philosophy. 

The object of the experiments was to obtain data to 
ealeulate the theoretieal velocity of earthquake waves through 
eertain roeks. To obtain these data eolumns of roek 60 eenti- 
raeters in length and 4 eentimeters in diameter were 8ubjected 
to eross bending and torsion ifrom the results of whieh experi- 
ments Young's modulus and the modulus of rigidity were 
ealeulated. 

Subsequently the modulus of rupture was determined and 
also the length modulus of erushing. 

The following table give8 the resulte of the experiments. 



• 00 



Granite 129o7 7185 1.80 • 

Marble 12500 6824 1.83 

I Tuff 9360 6867 1.86 

I eiayroek 11417 8333 1.37 

I Slate 14796 9383 1.58 

— - - *■ — 

From an inspeetion of the above table it would appear 
that the ratio of the speed of normal and trans^eree motions is 
not eonstant. The softer and less elastie the roek is, the nearer 
do the two velocities approaeh eaeh other. 

It must be remembered that the roeks experimented on 
were nearly homogeneous whilst earthquakes are transmitted 
through roeks whieh niay be extremely heterogeneous and 
fissured. Mallet who made experiraents " on the eomptessibi- 
lity of solid eubes of these roeks obtained the mean modulus 
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of elastieity " with the result that " nearly seyen eights of the 
full velocity of transit due to the material if solid and eon- 
tinuous, is lost by reason of the helerogeneity and diseontinuity 
of the roeky masses as they are found piled togetherJn nature ". 
A fuller aeeount of these experinients will be found in 
the Philosophieal M^gazine. 1881. 
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GENERAL RESULTS. 

In reading these eonelunom it mud he remembered that 

ihey only referto experiments performed i)i 

eertain kinds of ground. 



1. Effect of Ground ON YlBRATIOy. . 

1. Hills have but little effect in stopping yibrations (p. 8.) 

2. Excavations exert con?iderable iiiAuenee in stopping 
vibrations (p. 8.) 

3. In soft damp ground it is easy to produee vibrations of 
large amplitude and eonsiderable duration. (First, third 
or fourth set of experiments) 

4. In loose dry ground an explosion of dynamite yields a 
disturbanee of large amplitude but of short duration. 
(Diagraras of eighth set of experiments) 

5. In soft roek it is difficult to produee a disturbanee the 
amplitude of whieh is sufficiently great to be reeorded 
on an ordinary seismograph. (Seeond set of experi- 
ments). 

2. General Charaoter of Motion. 

1. The pointer of a seismograph with a single index first 
moves i» a normal direetion after whieh ifc is suddenly 
deflected and the resulting diagram yields a figure 
partially dependent vi\ the relative phases of the normal 
and transvei*se motion whieh phases are in turn depen- 
dent upon the distanee of the seismograph from the 
origin. (First set of experiments. p, 8. Figs. 2, 3, 4. also 
illustrated in reeords of other experiments.) 

2. A braeket seismograph indieating normal motion at a 
given station eommenees its indieations before a similar 
seismograph arranged to write transverse motion. 
(Diagrams of fourth set of experiments.) 

3. If the diagrams yielded by two sueh seismographs be 
eompounded they yield figures eontaining loops and 
other irregularities not unlike the figures yielded by the 
seismograph with the single index (see p. 44.) 
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4. Near to an origin, the fir8t roovement will bc in a 
straight line oiitwards froin the origiu, 8ubdequeutly the 
niotion may be elliptiea), like a figure 8, and irregular. 
The general direetion of motion is however norma). 

5. Two points of ground only a few feet apart may not 
8ynchronize in their motions (i)p. 52. 30.) 

6. £art)iqual£e motion is probably not a simple harmonie 
motion (p. 31.) 

3. NORMAL MOTION. 

1. Near to an origin the Srst motion is outwards. At a dis- 
tanee from an ongin t)ie first motion may ))e imeards, 
(Seeond and fourth experiment.s) 

As to w)iet)ier it will be inwards or outwards is pro))ab)y 
part)y dependent on the intensity of t)ie initia) distur- 
banee and on the distanee of the observing station from 
the origin. 

2. At stations near the origin the motion imeards is greater 
than the motion outwards. At ardistanee t)ie iuward and 
outwards motion are practica))y equa) (pp. 25. 26. 27.) 

3. At a station near the origin t)ie seeond or third wave is 
usua))y the )argest after whieh the motion dies down very 
rapid)y in its amp)itude, t)ie motion iiiwards deereasing 
more rapid)y than the motiou outwards (-p. 26.) 

4. Rough)y spea)cing the amplitude of normal motiou is 
inver3eiy as the distanee from the origin (see pp. 26. 27.) 

5. At a station near an origin t)ie period of the waves is at 
fii*st short. It beeomes )ouger as the disturbanee dies 
out. (see diagrams generai)y, a)so p. 29.) 

6. The semi-osci))ations inwards are deseribed more rapid)y 
than t)iose outwards. (see diagrams generaDy, also 
p. 29.) 

7. As a disturbanee radiates the period inereases. (see 
diagrams genemi^y, aiso p. 29.) Fiua)iy it beeomes 
equai to the period of the tmnsverse motion. From 
this it may be inferred that the greater the initiai 
disturb.auee fhe greater the frequency of waves (see 
tabie p. 28.) 
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8. Certain of the inward motions of " shoek " have the 
appearanee of haviog been deseribed in less than no 
time. (for explanation see p. 30). 

9. For tables shewing the maxiraum vel6city of normal 
motion (p. 33.) * _ 

10. For diagram shewing the intensity of normal motion 
(p. 37.) 

11. The first outwards motion whieh on diagrams has tho 
appearanee of a quarter wave must be regarded as a 
semi-oseillation. (p. 72.) 

12. The waves on the diagrams taken at different stations 
do not eorrespond. (see diagi*ams for fourth experiments.) 

13. At a station near the origin a noteh in the erest of a 
wave of shoek, gradually inereases as the disturbanee 
spreads, so that at a seeond station the wave with a 
noteh has split up into two waves. (p. 42. 43.) 

14. Near the origin the normal motion has a definite eom- 
' meneement. At a distanee the motion eommenees irre- 

gularly the maximum motion being reaehed gmdually. 
(for possible explanation of this see p. 43.) 

4. TrANSVERSE MOTION. 

1. Near to an origin the transvei*se motiem eommenees 
definitely but irregularly. (see diagrains.) 

2. Like the normal motion the first two or three move- 
ments are deeided and their amplitude slightly exceeds 
that of those whieh follow. (see diagrams.) 

3. The amplitude of transverse motion as the disturbanee 
radiates deereases at a slower rate than that of the 
normal motion. (p. 27.) 

4. As a disturbanee dies out at any partieular station the 
period deereases. (p. 29.) 

5. As a disturbanee radiates the period inereases. (p. 29.) 
This is equivalent to an inerease in period as the inten- 
sity of the initial disturbanee inereases. 

6. As we reeede from an origin the eommeneement of the 
transvei*3e motion beeomesmore indefinite. (see diagrams) 

7. It will be observed that the laws gorerning the trans- 
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verse nioiiou are praetieally identieal with those whieh 
goyern the normal inotion the only difference beini: 
that in the ease of normal raotion they are more elearly 
pronouneed. 

5. Relation of Normal to Transyebse 

MOTION. 

1 . Near to an origin the amplitude of no'rmal motion is mueh 
• greater than that of the transyerse motion. (pp. 26. 27.) 

2. As the disturbanee radiates the amplitude of the trans- 
verse motion deereases at a slower rate than that of the 
normal motion, so that at a eertain distauee they may be 
equal to eaeh other. (see p. 27.) 

3. Near to an origin the ]>eriod of the trans^ei-se motion 
may be double that of the normal motion, but as the 
disturbanee dies out at any given station or as it radiates 
the periods of these two sets of vibrations approaeli 
eaeh other. (p. 29.) 

6. Maximum Velocity and Intensity 

, OF MoVEMENT8. 

1. An earth partiele usually reaehes its maximum velocity 
during the first inward movement (p. 32.) A high 
velocity is liowever sometimes attained in~ the first out- 
ward serai-oseillation. (] p. 32. 33.) 

2. The intensity of an earthquake is best measured by s 
destructive power in overLurning, shattering or project- 
ing various bodies. (p. 35.) 

3. The value V^ = %g y/^H^ X (^—4—) used bv 

6 \ eos" I 

Mallet and other seismologists to express the \elocity of 
Shoek as determined from the dimensions of a body 
whieh has been overturned, is a quantity not obtainable 
frora an earthquake diagram. It represents the effGCt of 
a sudden impulse. (pp. 58. 69. 74.) 

4. In an earthquake a body is overturned or shattered by 
an aeeeleration/ whieh quantity is ealeulable for a body 
of definite dimensions. 
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Tbe ««aBtity/ as obialned £rotii ati eftrtliqiiAk# ^grilm 

V V* 

Hes b^tweett — atid - — , n^her^ V Is ih^ fti«Ximum 

t a 

yeloeity, t is the quarter peribd and a is tbe amplitude 
(pp. S8. 74.) 

5. The ittitial yeloeity giyen in tbe Ibrmula V « — j— 

(for horiaootal p^o|eMion) nsed b^ MaRet im i4entical 
witb V i» By are not ld4li4«Eil ^uantities. 
The yetoeity oak«tIat«d from tbe ran^ ei pre^etion 
wben proje«ti€tti ee^nr» 19 idintiedi #itb tlra BiAl^imum 
^eloeity As neiamired dtre<ttlj of 6alenkited ftoni a 
dia§ram. (fp. 70. 71. 7%) 

6. In diseueHH^ tb^ i^teilBity of moTement I baiTe oded the 

V» 

tfthi« --". 
a . 

7. The intensity of an eart(iquake at £rst deereases rapidly 
as tlie disturbanee radiates, subsequent]y it deereases 
more slowly. (p. 61.) 

8. A curve of intensities iiedueed from oWryations at a 
8ufficient number of stations, would furnish the menns 
of approximateIy ealeulating an absolute yalue for the 
intensity of an earthquake. (p. 37.) 

7. yBRTlOAL MotlON. 

1. In soft ground vertical motion appears to he a free sur- 
face wave whieh outraees the horiiJont'aI eoittpdiient of 
motion. (p. 40.) 

2. Yertieal motio» eomnkeme» whh sinall rapid v]brations 
and ends with vibrations whieh are long and slow. (p. 29.) 

3i High reloeities of tmnsit rtidy be obtained by the obser- 
vation of this eomponent or mo^on. It ih possibly an 
enpkintttion of the prelisiintory tremov8 of atk e8»1}^uAe 
and- the soond pbenoB^BBoih (p. 41.) 

4.. For amplitade^ and period o#\«rtieal wmeB «r obeerved 
at t-hasame or different stationesee (p»>28l anddiagl'ante.) 

8. Yelogity. 

1. The veIocity of transit deereases as a distkiYbtitiee ittdiates. 
(pp. 4a 6a 58.) 

% ])9««r t» esn origin tber t«ioeity^ of mt^ i^tdn^ Wfth the 
. intensity of the im«lafl («stitrbwiae^. (pp; 40, W. 56.) 
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3. In different kinds of ground, with diflferent intensities of 
initial disturbanee, and with different systems of obserya- 
tion I determined yeloeities lying between 630 and 
about 200 ft. per seeoud. (Pirst, fourth, fifth and sixtb 
eiperiments.) 

Mallet determined a yelooity in sand of 824 ii. and in 
granite of 1664 feet per seoond. General Abbot has 
obseryed yeloeities of 8800 feet per seeond. All of these 
determinations I regard as being praetieally eorreet. 
The great difference between them being due, partly to 
the nature of the roek, the intensity of the initial dis- 
turbanee, and the kind of wave whieh was observed. 

4. In my experiments the vertica] free 8urface wave had 
the quickest rate of transit, the normal being next and 
the trausverse motion being the slowest. (pp. 40. 50.) 

5. The rate at whieh the uorroal motion outraees the 
transverse rootion is not eonstant. (p. 38.) 

6. As the amplitude and period of tbe normal motion 
approaehln value to those of the transverse rootiou, so 
do the velocities of transit of these motions approaeh 
eaeh other. (p. 40.) 

That the mtio of the speed of norroal and t.ransverse 
motions is not eonstant is shewn froro a table of these 
velocities ealeulated for different roeks from their 
moduli of elastieity (p. 75.) 

9. MlSGBLLANBOUS. 

1. At the tiroe of au earth disturbanee eurrents are pro- 
dueed in telegraph lines. (p. 54.) 

2. The exceedingly rapid deerease in the intensity of a 
disturbanee in the iromediat^ neighbou'rhood of the 
epieentrum is shewn by the diagram on (p. 61.) 

3. For the duration of a disturbanee due to a giveu iro- 
pulse in different kinds of ground, reference must be 
made to the detailed deseriptions of the first four sets of 
experiment8. 

4. Many of the results euuneiated above find direet or 
indireet confirmation in experiroents others than those 
to whieh reference has been made. 
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NOTE ON PROF. EWING'S DUPLEX PENDULVM 

SEISMOMETER WITH EARTHQUAKE 

REOORDS OBTAINED B Y IT. 

BY 

K. BEKIYA, 
[ Rbad Oct. 13th 1884.] 



Tbis 13 another forin of the Duplex Pendulum Seismo- 
meter designed by Prof. Ewing just before he left this eountry 
in June 1883. Its prineiple as well as its kinetie eondition is 
the same as that deseribed in the Transaetions of this soeiety. 
Vol. V. . The chief object of the form now suggested is to 
make the instrument more simple and thus fit it for wide use. 

Neutral or feebly stable eq(uilibriumj the requisit€ eondi- 
into for seismometers, is here obtained by eombining a eommon 
pendulum A whieh is stable with an inyerted unstable pen- 
dulum B. The upper or eommon pendulum is a eireulardise 
of lead and is hung by three silk threads t from the top of a 
wooden tripod frame 3} ft. high. Three wooden serews c at 
the top allow the length and the level of the pendulum bob to 
be adjusted. The lower or inyerted pendulum is also a eir- 
eular dise of lead and is supported by a single brass tubular 
rod whose eonieal point rests in the agate eup fixed in the 
I wooden base plate. The upper and lower pendulums are 
eonneeted by a ball. and tube joint. A small spherieal ball 
projecting from the upper side of the lower bob aeeurately 
but smoothly fits into a vertical tube fixed through the eentre 
oftheupper bob. This jointed system has horizontal free- 
dom to move in any azimuth and forms a neutral or feebly 
stable pendulum whose period of oseillation may be made 
as slow as we please. A gimbal or universal joint J is 
earried by the braeket firraly fixed to one leg of the tripod 
and forms the fulcrum of the indieating pointer. The lower 
end of the indieatiug pointer terminates in a ball and easily 
fit8 into the before mentioned tube in the upper bob just 
bove the point where the eontaet of two penduluras is 
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inade. Thui poiot is oaleulated as the steady point of the' 
system. The upper end of the indieating potnter is a Btiff 
straw with a marking pointer hinged at the top. The end 
of the roarking pointer is fumished with a steel point and 
rests upon a smoked glass plate on whieh the earthquake 
reeords are to be written. The ratio of the distanoes from the 
fulerum J to the lower and upper ends of the indieating 
pointer is 1 : 4.4 and therefore the instrument roagnifies the 
motion of the ground 3.4 times. The base plate is furni8bed 
with three leyelling serews by whieh the leyel of the instru- 
ment may be adju8ted. These serews aet as the feet of the 
instrument and rest in Y grooyes eut upon the face .of a low 
stone eolumn. The total eost of the instrument is little more, 
than six yen. 

This instrument has been set up in the earthquake 
Laboratory in Tokio Daigaku and has given a number of 
reoords some of whieh we give as exaroples. Almost all the 
reoords obtained indieate the eharaoteristies of earthquake 
motion. At the Arst part of the earthquake the pointer oseil- 
lates forwarJ and baokward nearly in straight lines showing 
a eertain deeided direetion of motion but gradually it begins 
to deseribe loops or sometimes figures of eight. This degene- 
ration of baekward and forward motion into loop motion is 
likely due to the oeourenee of transverse waves whioh eom- 
bined with simultaueous normal waves may produee sueh 
results. 

Fig. 1. Earthq^ake Oet. 5th 7.34 A.M. 1884 the diagram 
indieates the prineipal movements of the ground to 
have been in E and W direetion with maximum 
amplitude of 1°*". 
Fig. 2. Oet 6th 10. 22. 16 A. M. 1884. The earthquake 
eonsisted of series of small moyements all in E and 
W direetion, the largest displaeement being not 
more than 0.7""" iii amplitude. 
Fig. 8. Nov. 23rd 10. 55. A.M. 1884. The diagram indi- 
eates motions in all direetions but the first move- 
ments oeeurred chiefly in NE and SW. The 
largest displaeement was 2.7"". These were fol- 
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lowed by transyerse motious, the eombination of 
wLieh with the 6)rmer prodiieed the loops and 
figures of eight. 

Fig. 4. NoY. 29di 8. 10. 38 A.M. The direetion was 
dieidedly E and W. The niaximum anrplitude 
was 1.5"". 

Fig. 5. Dee. Ist. 8.13 A.M. 1884. The reeord gives the 
motions in all direetions. The prineipal move- 
ments were however E and W while they were 
interaeeted in transyerse direetions by m^ny disturb- 
anees. The maximum motion appears to be 2^6"". 

Fig. 6. Jan. 8rd 2.52 A.M. 1885, At the begiunihg of tbe 
earthquake the direetion of motion was chiefly N W 
and SE, but the largest motion was trausvehe to 
this in NE and SW, the tnaximum amplitude being 

oum 

These reeohls when eompared with those obtaiued oii a 
reroWing glass plate by « more elaborate instrument agree 
very well in their main teatures. 
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N0TE8 ON THE METEOROLOGY 0F JAPAN. 

BY 

E, KNIPPING. 
[Read Juke 19th 1884.] 



Tlie following notes are based upon data obtained from 
twenty-three meteorologieal stations in Japan during the year 
1883, the extreme positions being Kagoshima and Nagasaki 
in the south aud Bapporo and Nemuro in the north. For 
three stations, namely, Hiroshima, Miyako and Nemuro, the 
reeords extend only over part of the year. 

The mean temperature for the year 1883 ranged from 
16.7^ C. (62.6 Fahr.) at Kagoshima to 6.6° C. (43.7 F.) at 
Sapporo. The deerease with the latitude amounted to about 
0.9° C. for eaeh degree of latitude. The rate is one of the 
largest known, being exceeded in Europe only by the rate in 
the meridian of the Sea of Azow 1.0° C., while in eentral 
Europe and Britain it is 0.4° C. only. Nobiru, in 38 degrees 
latitude, has the same mean teraperature as Cork and Valencia, 
in 52 deg. latitude, the advantage on the side of a great part 
of Britain amounting to 14 degs. of latitude, being equivalent 
to the difference of the north eape ot Yezo and the South eape 
of Kiushu. 

At Miyasaki in Kiushu the eoldesl raonth in 1883 was 
Deeember; elsewhere in Kiushu, Shikoku, the Inland Sea, 
and the eountry round Owari bay, January; in the rest of 
Nippon and Yezo, February : the hottest month being August. 
The difference of mean temperature in February and August 
ranged from 19° C. (34.2 F.) at Miyasaki, 20° C. (36.0 F.) on 
the south eoast to 28° C. (46.4 F.) at Sapporo ; inereasing 
with the latitude and distanee from the sea. At Shanghai the 
eorresponding average range of temperature is 25° C. (45.0 F.), 
at Peking 31° (65.8 F.), at Irkutsk 39° (70.2 F.), while in 
the Shetlands and in south Ireland it is only 8° C. (14.4 F.) 
11° (19.8 F.) at Glasgow, 14° C. (25.2 F.) at Camden. The 
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anDual yariation in 1883 in Japan was thus more than double 
tlie amount for Britain. 

The daily yariation of temperature (mean ponthly maxi* 
mum less minimum temperature) was in February lowest 
along the west eoast from Shimonoseki 6*^ C. (9.0 F.) to 
Niigata 6° C. (10.8 F.), inereasing with the latitude and dis- 
tanee from the sea, reaehing the greatest amount 12^ C. 
(21.6 F.) at Akita and Sapporo. In August the figures varled 
from 7° e (12.6 F.) at Koehi, Shiraonoseki and Niigata to 
more than 12° C. (21.6 F.) at Kioto and Sapporo, the inerease 
depending more on the distanee from the sea than the latitude. 
The highest teraperature reeorded in 1883 at any station was 
36.6° C. (97.88 F.) at Wakayama; the lowest— 22.2° C. 
( — 7.96 F.) at Sapporo. The difference between the highest 
and lowest reeord at one and the same station was 36° at 
Koehi, (64.8 F.) 66° C. (100.8 F.) for Sapporo. ehanges of 
14 and 15° C. at one station in 24 hours. are not unfrequent 
in the spring and autumn. 

All stations, regarding teraperature for the latitude, show 
for January a large defieit, from to 4° to 7° C., (7.2 to 12.6 F.) 
Numazu the smaUest; most stations for July 1883 a slight 
excess, Wakayama 2° C. (3.6 F.); however Miyasaki, the 
east eoast and Tsugaru strait show in July also a deiieit, 
amounting to 2° (3.6 F.) at Miyako and Hakodate. 

In wintar the differences of pressure in Japan were 
exceedingly great, deereasing from S. W. to N. E. If we 
take Deeember 1883, for instanee, we have 767 millimetres 
(inehes 30.197) pressure in Kiushiu and Shikoku, 755 nim. 
(29.724) at Nemuro, or a rate of 0.9 mm. (0.035) for eaeh 60 
nautieal miles, one of the greatest rates knpwn. Aeeordingly 
we have .in winter generally strong west winds, mueh snow 
and elouded sky on the weather shore, north-west and west 
eoast; elear weather and little snow on the lee shore, south 
and east eoast. In summer the pressure over Japan shows 
only slight differences, 1 to 3 mm.. (0.039 to 0.107) ; deereasing 
towards the west, arid mostly light southerly and easterly winds. 

Least rain fell in 1883 in Yezo, at Awomori, Nobiru and 
in the Inland Sea, less than 1 metre (39.37 inehes) ; most in 
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Kanamwa, 2.4 m. (94.49 inehes), and in Kiusbu aud Shikoku. 
In ^auuary, Pebruary, Noyember aud Deeember ihe nortb- 
weat and weet eoast Bhow the greatest fall ; in Mareh ; the 
distribution, is, howeyer, more equa]. In April, May and 
June Kioahu and Shikoku show the highest reeord ; July and 
August were dry, ezcept heayy* downpours during typhoons ; 
171 mm. (6.78 inehes) on August 18Ui at Nagasaki, 162 mim. 
(6,38 inehes) at Koehi on the 20th. September and Oetober 
show a more equal distribution oyer all stations. 

The geographieal position of Japan between the two 
greatest areas of laud and water in the world makes its elrmate 
dependent on these two great factor8. The eonneetion between 
temperature and pressure is sueh, that where the temperatiire 
is eomparatiyely too high the pressure is low, and where the 
temperature is too low, the pressure is high. In Siberia in 
January temperature is 20** C. (36.0 F.) too low for the 
latitude, the pressui-e as high as 778 mm. (30.630), while at 
the sarae time near Alaska in the North Pacific temperature 
is 14° (25.2 F.) too bigh, pressure as low as 752 mm. (29.606.) 
The flow of air being from high to low, and the powerful upper 
eurrents being always from the W. our winds in winter are 
W., strong; al.l depressiohs mareh whh the wind towards the 
east without interruption, and easterly gales are rare. In 
July the position is almost rcversed but not so marked as in 
January. Temperature in Gentral Asia is then 8° C. (14.4 F.) 
too high, pressure at 750 mm. (29.527) ; in the North Pacific 
6° C. (10.8 F.) too low, pressure at 766 mm. (30.157). Thus 
in winter differences of 34°C. (61.2 F.) and 26 mra. (1.023) 
are at work, in summer 14° C. (25.2 F.) only and 16 mra. 
(0.629). Thus the preyailing winds in summer should be 
soutli and east, light, the depressions mareh to the north and 
west, but their progress is comparatively slow, as they 
are not earried on by the upper eurrents. The mareh and 
progress of the depressions, on whieh the weather depends, 
is eonneeted with the gradual formation, disappearauee and 
reyersal of these arens of high and low 4emperature and 
pressure. 

The law eonneeting both inyites an applieation with 
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regard to February 1883, in whieh, judging by January and 
Mareh, an abnormal distribution of pressure appears to have 
taken plaee. Pressure was too high in the whole east and 
north of Japan, the line from highest to lowest pointing about 
south-east ; temperature should haye been thus also too low, 
and a eomparison shows aetually that February 1883 was the 
eoldest out of a period of 7 years in Tokio, 8 in Sapporo, 7 in 
Hakodate and, 3 years for seyeral other stations. 
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TUE CECCHI SEISMOGRAPH. A NEW MODEL 

eONSTRUOTED FOR THE OBSERYA- 

TORY 0F MANILLA. 

(Tranalation of a paper reeeiued from Eather Eederieo 

Paura S. J. of Manilla.) 

BY 

Dr. p. du bois. 

[Read Jan. 26th 1885J. 



All ihe parts eomposing tliis seismograph are eolloeated 
on a large marble tablet solidly plaeed upon a substrueture 
80 eoustrueted as to prevent all oseillatious save those whieh 
are truly seismieal. Tlie lower edge is 60 eentimeters from 
the ground aud the surface is perfect]y perpendieular. 

On the surface of this marblo slab are attaehed five 
diiTerent maehines whieh when eombined or aeting together 
eompose the new apparatus and give autoraatieally i^warn- 
ing, ^°time, 5°directious and ^°intensity. These five maehines 
are, 

First a steel spiral with its weight (M) whieh puts in 
motion the whole apparatus. 

Seeond a eloek wJiich gives warning, the ti7ne of the shoek 
and piUs in motion the roll of smoked ])aper. 

Third the horizontal pendulum (P) whieh deseribes the 
oseillation on the smoked paper. 

Fourth the vertical pendulum (S) whieh deseribes its own 
oseillation. 

Fifth the eylinders (C G') for unrolling thesmoked paper 

The eloek is fixed on the highest part of the slab and 
governs all the apparatus. To its right stands the motor 
apparatus (M) to it« left the horizontal penduluin (P). Below 
this are the eylinders for running off the smoked paper. To 
the side of the lar^er of these two and right under the eloek 
is the^ertieal pendulum. 

The Motor apparatus (M) is eomposed of a woight of lead 
(m) suspended by a strong steel spiral. From the said weight 
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a silk thread passes upward tlirougli tho spiral aud over a 
puUey (e) to a small brass spiral (o) whieh seryes as a eounter 
weight and keeps the pulley iu plaee. 

From the eenter of the pulley rises an arm or lever eut 
almost to a knife like poiut (a). Ou tho edge of this rests a 
simiiar point whieh is serewed ou to the lo^ger arm of a lover 
(l). To the opposite arm of this lever is attaehed a fine striug 
(/) whieh goes downwards to be attaehed to the middle lever 
(i) and to the leA; of its fulcrum. So as to enable both the 
knife like edges at (a) to rest upon eaeh other exactly, the 
eounter spiral (o) must be properly regulated whieh is done 
by moving the serew whieh eontrols it. 

Tlie weight of this hori^ontal and vertical pendulum has 
on its under side a tube of brass (t) whieh ean be elongated. 
Over the aperture of this, a pieee of fine unstarehed linen is 
stretehed. This pieee of linen is punetured by the superior 
external horn of a brass ring (Fig. 3) whieh brass ring by 
means of two other interior projections one from above the other 
from below, rests upou a horizontal lever and agaiu thi9 same 
brass ring by means of another external projection down 
wards rests upon the extremity-of the serew (t;). 'Both this 
serew and the horizontal lever (r) are moveable in order that 
the ring may be plaeed in a position/Vertical to the horizontal 
penduhim. At the extremity of this last lever is attaehed a 
third little silk thread (/') whieh is united also with the 
intermediary lever to the right of the fulcrum. 

Against the extremity of the long arm of the intermediary 

» 

lever rests a small brass plate (n) to the extremity of whieh 
is attaehed a thread (/") whieh passes behiud a fixed **point" 
to whieh the plate is attaehed and is prolonged as far as the 
lever of the eloek (0) and operates upon the balanee wheel of 
the same. • 

The time weight (P) runs between four iron wires in 
order to prevent interference with other pieees of the seismo- 
graph. 

The eord of the weight eausing the eloek to strike passes 
around a pulley just above the great eylinder C, then around 
another puUey behind the great eylinder C and eomes down to 
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the weight (p'), On this eylinder are three-springs or roguhi- 
tors by means of whieh the paper is kept in plaee. 

The paper thus rolls from the big eylinder and over 
small one (O') and is held in plaee and tightly drawn by the 
weight of two nippers made for this purpose. 

On the left of the eloek is attaehed the horizontal pen- 
dulum with a kind of uniyersal joint. (Fig. 2). 

The weight of thts pendulum has above it a dise of brai^ 
covered with smoked paper. Working on this there is an ivory 
point fixed to a very light and balaneed lever whieh raoves 
upon a llttle arm (6) fixed to the marble slab. 

Below the weight is attaehed still another lever similar to 
the preeeding one the point of whieh rests on the smoked paper 
whieh rolls on the eylinder. 

Below the eloek and alongside the eylinders stands the 
sussultory pendulum eonsisting of a weight whieh rests between 
the prongs of a fork the other extremity of the fork being 
attaehed to a fixed point. The weight and the fork are 
suspended by a spiral (/) attaehed to a fixed point above. 
Above the spiral there is a 8haft bearing a puUey (e'). A ver- 
tieal prolongation is attaehed to this shafii and a horizontal 
pieee hinged to a fixed point is attaehed to the lower end of 
it. One end of this rqsts on the smoked paper. By this 
means a lateral raotion on the paper eorresponds with a ver- 
tieal motion of the pendulum (w'). In order to put the instru- 
ment in readiness to work it is neeessary. 

(1) Plaee the inferior point of the ring (2) on the point (y) 

(2) Plaee the blades of the superior lever one above the 
other, 

(3) Lay the brass tuble (») on the intermediary lever 
(1) in order to keep the system of wheels of the eloek 
in statu quo 

(4) Blaeken the paper and adjust the three poipta in eon- 
taet with the same. 

In order to blaeken the paper it is neeessary to take off 
the weight of the eloek and lift up all the writing points. 

The paper is then all wound upon the great eylinder — 
then slowly unwound while a light affording smoke is plaeed 
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beneath. When all the paper is smoked it is woiuul on the big 
eylinder again. 

Every thing being in order if there is a horizontal motion, 
at the loast shoek, the motor pendulum throws off the vertical 
the ring (3) whieh no longer having its point of rest on the 
point Gf the serew (v) fall3 by its own weight and lowers, the 
lower lever (m) to whieh its is united. The lower lever by 
means of the thread draws down intermediate lever (i ) and the 
little table (n) whieh rested upon it fiills and sets free the 
works of the eloek. The hands of the eloek then move, the 
eloek rings, the bell w^eight deseends aad moves the eylinder 
and the paper rolls off. 

At the same time the undulatory pendulum moves and the 
point attaehed to it traees on the paper all the movements to 
whieh the pendulum is subjected. 

These motions are also reeorded on tlie eireular smoked 
paper plaeed above the weight of the same pendulum. 

If the molion had been sussaltory and the point plaeed on 
the serew (v) did not raove, then the apparatus would be put 
in motion by means of the upper part. At the first oseillation 
of the pendulum the little sping ( o ) would force the pulley 
( c ) to rotate. 

This would put the lever out of equilibrium and by its 
connecti()n with the intermediary lever, again the eloek would 
be started. 

If -the shoek were vertical and the big pendulum did not 
move, the apparatus just under the eloek will be brought.into 
play. As the weiglit rises and falls the little string attaehed to 
it will turn the pulley. This rotates the shaft and the point 
whieh is fixed to it will reeord on the paper the vertical 
motion of the pendulum (m'). 

After a shoek it is neeessary to put everything baek to its 
original position in order to have the apparatus in readiness 
tbr a seeond shoek. 

The smoked paper is removed and fresh paper is put in 
its plaee and the operation of smoking has to be done again. 

- The irregular marks upon the paper are due to oseilla- 

« 

tions of the earth and indieate direetion and the intensity. 
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Molions willi a gradiially deereasing amplitude are due merely 
to the norroal oseillation of the pendulum acquired by the shoek. 

The curves whieh may be found traeed upon the dise 
aboYo the pendulum serye to indieate at first sight the diree- 
tion of the shoeks and their intensity — while the paper below 
whieh unrolls enables us to see all the phases of the pheno- 
mena in ali its yarious moyements. 

The observer should note the relatiye time whieh tbe 
hqrizontal and yertieal pendulum iake in oseillating in order 
to establish the just relation belween the two moyements as 
written on the paper. 

In order to blaeken the little paper aboye the weight it is 
only neeessary to tum it toward the light and pass the lamp 
forward and baekward till it is blaek enough. 

The direetion of the meridian may be marked upon the 
diagram. 
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FARTHER N0TE8 ON THE EARfHQVAKES 

0F ISGHIA 

BY 

Dr. f. du bois. 

[ Read Jan. 26th 1885 ] 



In the Bolledno del R. Coniitato Geologieo d'Italia for 
1883 appears an artiele on the Isohian earthqiiake of that year 
bj the engineer L. Baldaeei. The present paper is an epitome 
and reyiew of the same. 

The oldest g^ologieal soil of the island is the light green 
tufa of Epomeo this being an agglo.merated and agglutinated 
mass of ashes in whieh are often found materials of nou 
Yoleanie origin, mineral, animal and yegetable. 

On this tufa there are yery extensiye deposits of a peeuliar 
produet due to the deeomposition under the sea of the tufa 
itself, ^hieh produot oeeasionally passes into plastie elay 
adapted to the manufacture of tiles. 

Oasamieeiolo rested ou this produet of deeomposition 
while Laeeo is situated partly on the traehyte (traehyte laoa) 
and partly on the original tufa of Epomeo. Forio, Eontana, 
Serrara &c. are built exclusiyely on the tufa. 

Noting the position of the mineral springs and other 
yoleanie manifestations of the island it is eoneluded that 
there exists on the north of the island a great euryed iissure 
through whieh all these springs and other manifestations 
find their way to the sur&ee — this euryed Sssure extending 
from the baths of Isehia to Forio passing exactly through 
Oasamieeiola, its convexity turned to the north. 

Now if we examine the other prineipal . manifestation 
going from N — S we find a series of thermal springs indieating 
a fracture running from N.N.W — S.S.E erossing the first 
exactly at Monte Oito almost under the town of Oasamieeiola. 

He belieyes that there are two fractures and not the 
meeting of a fracture and the lip of the old submarine erater 
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as Rossi woiild have it, beeause the inaDifestations along both 
are the same and aiso beeause it is better to attribute them to 
the same eause than to seek out a hypothesis whieh ean not 
be demonstrated. 

The result of his observations has been that houses built 
on the traohyte at Laoeo Ameno and at Monte Zale 8uffered 
infinite]y less thau those built on the tufa of Spomeo or on 
the elay, whieh was the result of the deeomposition of the 
tufa. Gasamieiola was almost eicclusive]y built on this elay 
and it ean be said without exflggeration that not one stone 
rested upon another. Porio was built on the tufa and even 
of this town very little remains standing. At Laeeo the 
houses and walls whieh were built on the traehyte ofiered 
a mueh greater resistanee to the shoele while those built on 
the tufa were destroyed- This agrees eompletely wilh the 
theory of Mallet who says ** A seismieal wave passing suddenly 
from an unelastie to an elastie soil as for instanee from tufo 
into traehyte will not only ehange its velocity but also its 
direetion, one part being reflected aud auother refracied." 
The seismieal wave being thuB sent baelewards produeed a 
shoels iu the opposite direetions eausing great dammage to 
the buildings. At the same time shoel^s are attenuated when 
they reaeh the more elastie soil sueh as granite or traehyte. 
This might explain why the town of Isehia fe]t the shoek so 
little, being separated from the main fissure by the masses of 
traehyte lava from Mt. Rotaro, Mt. Montagnone and that of 
Aipo whieh absorbed most of the energy of the seismieal wave. 

He attributes all these seismieal manifestations in Isehia at 
the present moment, to a wakening up of the residual volcanic 
activity of Epomeo. He says " the opinion of Palmieri does 
not seem to me demonstrable that the intensity of the shoek 
should be attributed to the exi8tence of large cavernB preeisely 
under Oasamieiola and to the falling in of the eolumns whieh 
sustain the vaults — the faliing in being eaused by ^n earth- 
quake and l^eilitated by the subterranean eireulation of ther^ 
mal waters." There are it is true in the neighbourhood of 
Oasamieiola excavations of plastie elay but I am not sure it is 
of these the illustrious professor is speaking. Sueh a eause 



97 

« 

indeed would be too sDiall to produee sueh portentous efibcts 
and a seisinieal eommotion propagated to so great a distanee. 

During his Arst \'mt he eould not visit the interior of 
these exeavationB there being no one to serve him ae guide, 
bitt in the latter part of August he paid a seeond ^isit to the 
island in order to make an cxamination of the excavation8 of 
plastie elay both in Gasamieeiola and in its neighbourhood. 

In the very town of Ca8amicciola in the street La 
Faunina existed very import^int elay excavatiohs whieh 
have been workeii up to within three or four years. These 
works had a eertain importanee if we may judge from 
the numerous traees remaining of the mouths of 8hafts and 
tunnels whieh are to be seen. Unfortunately there apertures 
have baen obstrueted a long time baek and its is absolutely 
impossible to gain aeeess into the interior but it is eertain that 
they must already bo ^Ued up eonsidering ou the one hand 
the nature of the ground whieh is elay with a natural tendeney 
to swell and on the other the nature of the tunnelling whieh 
was in small seetions. 

The elay is extracted through little welld 20 to 80 feet in 

' depth, these pits being dug through the overlying tufa until 

they meet the elay and in this elay galleries of different shapes 

and sizes are preforated in various direetions, the elay thus 

extracted being drawn out by hand maehines. 

Besides it is undeniable that neither in the neighbourhood 
of these apertures nDr within the perimeter of the excavations 
. is there any traee of a falling in of the ground. 

At the tirae of the earthquake they were working the 
elay in several other. plaees, south of Casamicciola between 
the village and Epomeo, eastwaj:d on the lower slopes of Mt. 
Tabor. Unforunately the excavations south of Casamicciola 
eould not be entered as their openings had been eompletely 
covered by landslides. The only excavations he eould see were 
those lying to the east of Casamicciola. Owing to the nature of 
the ground, traehyte lava lying upon traehyte tufa, the ope- 
nings into the excavation have sustained but little dammage 
and the works are aeeesible. 

Aeeompanied by workmen he visited the most important 
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of these excavatioDS. The workraen had not been there sinee 
the eatastrophy as eould be seen from the tools lying around. 
The openings whieh have been worked through the traehyte 
tufa in order to arrive at the elay are narrow low and tortuous. 
Bome are more than 60 meters in length and deseend into the 
raountains some 20 — 30 raeters-below the opening. The elay 
is excavated in small seetions beeause that part of the. bank of 
elay whieh ean be utilized is not very extensive. It was 
evident that everything had remained intaet in the interior 
and had not received the least dammage from the earthquake 
ThU is iiot the jirst instanee in whieh seismieal ahoeka 
huiring produeed great dammage at tlie mrJQjee have passed 
absolutely unperceived at a eeriain distanee underneath, 

One ean therefore reasonably eonelude so far as regards 
the old excavations whieh stood in the very town itself, 
that they eould not have eonstituted a danger sinee having 
been abandoned for several years they must neeessarily 
from the nature of the material have fiiled themseWes up 
again under the inAuenee of water and pressure. Any one 
who is conversant with mining and working galleries knows 
the disastrous effects of swelling elay. But even allowing 
that they were not filled up there eould have been no falling 
in as is proved from the fact of there being no evidence of 
this on tlie suriaee. The excavation to the south of Gasami- 
eiola and tliose on Mt. Tabor are too distant to have been 
the eause of any dammage. Besides so far as the first are 
eoneerned although the mouths are covered and we ean not 
enter them, we may reasonably eonelude that they are in the 
same eondition as those on Mt. Tabor, the only difference 
being in the nature of the overlying ground, the loose. tufa in 
the one ease having slid down and obstrueted the openings, 
the traehyte on the other hand having remained in plaee. 
He draws the following eonelusions. 
I — No other eause need be sought than Ihe volcanic activity 

whieh still remains in the island and whieh wakes up 

at intervals. 
II— That this volcanic activity manifests itself along two 

prineipal Assures. One with its convexity to the nortU 



aud estending from the Baths of tsehia to Forid, and 
the other in a line direeted approsimately from 
N. N. W. — S. S. E. between Laeeo and the stupe of 
Testaieio. 
III — That CasamicioIa stood preeisely at the interseetion of 
these two fissures and henee at the eenter of the seismieal 
focus and that it always has been and alwiiys will be 
^ the spot most deyastated by earthquakes. 

IV. — Finally that houses built on the traehyte lava 
present a mueh superior resistanee to the shoeks than 
those built upon tufa or upon elay and that this eireum- 
stahees should be taken aeeount of when time for re- 
building eomes. 
. Like every one else who has written about Isehia thia 
delegate from the eorps o^ mining engineers has his theory. 
The paper however is a very unsatisfactory one. The observa- 
tions are not searehing, but sueh as they are hc u^es them 
to jump at eonelusions, forgetting that he is not infallible. 
Whether he is right or wrong I do not know, but his fact8 do 
not warrant his inferences. 

It is worthy of remark however that in the excavations 
where he did enter he found no evidence of the least shoek 
and notiees the ^t that seismieal shoeks have often produeed '' 
great dammage at the surface while they have passed absolutely 
unperceived at a eertain distanee underneath. This aspeet of 
the ease opens a wide field for inquiry, and I b^lieve that Prof. 
Milne had already instituted experiments in this direetion 
wHh very remarkable results whieh he will soon publish« 
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GATALOOUE 0F EARTHQUAKE8. 

July 188S to md o/Pebrmry 1885. The ohaerwUions were 

made ai The Imperial MeteorologieeU Obser^aiory 

( Chiri Kiohi) hy Palmieri^s Seismograph. 



{For jirst portionB of ihis Gatalogue see Tratis, Seis. Soe, 
YoL II pp. 3^9. VoL VI pp. 82^35.) 
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S^ 11» 66" A.M. 
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^h 54« 07« P.M. 



Aboat 9*' P.M. 

about lO* P.M. 

10»» 80» 56' P.M. 
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l^ 88» €6» A.M. 
2»» 16» 34- A.M. 



gh 3x« g. YM. 
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